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INTJ^ODUCTION. 


In presenting these “ Instructions ” to the public it 
may be well to say a few words by way of introduction, 
on the subject of observations in general, and on the 
conditions requisite to constitute a good observing 
station. 

The Vienna Congress has recognised three classes of 
observing stations : — 

A Station of the Mrst Order is an observatory in which, 
without the collection of observations from other stations, 
meteorological observations are conducted on a great 
scale, i.e., either by hourly readings or by the use of 
s elf-recording instruments . 

Stations of the Second Order are those where complete 
and regular observations of the usual meteorological 

« s, viz., pressur e, te mperature and nu niirtity nf 
wind, cloud , rain, an d hydrometeor s (p. 69), 
&c., are conducted, bu?T^h less f requenc y tlian at the 
stations above menti^d.*^ 

Stations of the Third Order arc those where o nly some 
of these elements are observed. ^ 

It is of ^cotffse out of the question for a private ob- 
server, of ordinary means, to attempt to establish a station 
of the lirst Order; and inasmuch as the following Instruc- 
tions are mainly destined for the use of observers at 
stations of the Second and Third Orders, it is not pur- 
posed to enter into details on the subject of self-recording 
instruments, or the other requirements of a first-class 
observatory. 

At the other classes of stations the observations are 
taken by the eye, and to these it is wished to direct 
especial attention. 
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At stations of the Second Order the observations are to 
be ma de at hast twice a davat homonymous* honre . for 
which 9 a.m. and 9 p.m. (local time") have been chos en 
by alarge ma 3 onty or the volunteer observers who hare 
b^n consulted within the United Kingdom. Additional 
observations should, however, be taken at other hours, 
when convenient, especially during unsettled weather. 

At stations of the Third Order, observations are made 
with less frequency and less completeness than at those 
of the Second Order ; but the observations must be taken 
at least once daily, and these stations must have properly 
verified instruments for all the observations which are 
taken, and the same regularity and punctuality are 
required in observing as in those of the Second Order. 

In fact, observations taken carelessly or with instru- 
ments which have not been duly verified by comparison 
with known standards are utterly useless, while those 
taken only occasionally are scarcely of any value for 
scientific purposes. 

Under the head of each instrument will be found the 
necessary requirements as to its construction, verification, 
&c. 

As to the observers, the great qualities which arc 
looked for are a knowledge of the instruments used, 
accuracy, regularity, and honesty. 

As regards knowtedgiiiifihninstruments — the observer 
should fami liar with their Tnnnngrfttnpnt. qnd._8hould 
kn ow how to app l y the respective c or rectio ns. 

As regards accuracy — ^thc degree of minuteness to 
which each instrument is to be read will be found noticed 
in its proper place. 

As to r egularity — all the observations should be made 
punctually at the hours fixed for observation. If from 
any cause an observation is taken either too early or too 
late, the precise time at which it was taken should bo 
entered in the register ; and if the observations are taken 
by a substitute or assistant, the initials of the actual 
observer ought to be set down. 

Lastly, as regards honesty — ^if an observation has been 
omitted, the space for it should be left blank, and a 
note should be added in the “ Remark ” column stating 


♦ By bomonymouB ” hours are meaut hours of the same name, 8 and 8, 
9 and 9, etc* 
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the reason of the omission. Nq estimated readin g, how* 
ever obtained, sho uld on any account oe inseile d. 

The requireme nts as to situaiion lor a moEebrologd cal 


station are that the positions desigrnated for the thermo- 



regards the th^Wometer screen, t here should be no 

chance of the shadow of trees or buildings taUing on it 


for any Jong period during the da y, or of reflecte d or 
related heat affecting it. 

As to the tg-in gauge , it should be so placed a s nqt to 
bo sheltered frdin wind or exposed t o eddies , either of 
wliich oouditlons will influence the amount of rain falling 
into the gauge. 

As regards the observat ions of win d the matter is 
much more serious. Th e anemometer niust of course 
bo placed in an onon spac e; but if there be trees near, 
as, e in a ^ark, or if”lhe gro und bo ul ulating, the 
observations of the wind will be se riously a ffected, as 
well i n diveeiJ nn as i n Velo city. In such cases money 
spent on a costly anemometer will be, to a great extent, 


wasted. 

A list oL' some books of reference on Meteorology 
will bo found at p. 112. 

As regards meteorological co-operation in general, the 
words of the Report of the Committee of Physics and 
Meteorology of the Royal Society, published in 184-0, 
are as true now as they were 35 years ago, when first 
penned : — 

“ After maturely considering the subject, they do not 
“ presume t-o anticipate that what they may suggest 
“ will not be liable to objections, for their object will 
“ be to include within their compass many excellent 
“ series of observations which are akeady in progress, 
“ rather than to propose a degree of theoretical pcrfec- 
“ tion, the attainment of w^hich the present state of the 
“ science may not perhaps admit of. Systematic co- 
“ operation is the essential point to which at present 
“ everything else should be sacrificed ; and co-operation 
“ on almost any plan would most certainly be followed 
“ by more beneficial results than any number of indc- 
“ pendent observations, however perfect they might be 
“ m themselves.” 

» • » « 
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The Committee are not without hopes that amateurs 
“ of science may be induced to conform to these sug- 
“ gestions, even at the temjporary sacrifice of their own 
“ views and convenience ; for no one can reflect on the 
immense amount of labour which is now rendered 
“ useless for want of the requisite uniformity and pre- 
" cision, without being convinced -of the necessity for 
“ remedying an evil which has akeady been of too long 
“ standing, and continues to be a reproach to science. 
“ Many, of course, will not have it in their power to 
“ fill up the plan in all its details ; but they wUl contri- 
“ bute greatly to forward the design, if, in such observa- 
“ tions as they may find it convenient to make, they 
“ strictly comply with the rules proposed.” 



THE BABOMETEB. 


General Description of the Instrument. 

Construction of the Instrument.— The barometer, as 
usually constructed, consists of a tube of glass, about 34 inches 
in length, closed at one end, filled with mercury, and placed ver- 
tically with the open end dipping into a cup containing mercury, ! 
which is commonly called the cistern. The mercury should be 
j)Ure, of the specific gravity of 13 * 594. The mercury does not 
entirely fill the tube so placed, but, according to the changes or 
atmospherical pressure, occupies at the level of the sea* from 31 to^ 

27 inches of the tube, measured above the mercury In the cistern. 

The space above the mercury in a properly filled barometer tube, 
contains nothing but a little of the vapour of mercury. It m 
called the Torricellian vacuum, from the name of the Italian 
physicist who invented the barometer. 

As the merciuy in the tube balances the pressure of the atmo-l Barometer 
sphere, it is obvious that it must rise with increased atmospheriCj 
pressure and fall with diminished pressure, so tliat by noting on a! 
linear scale the length of the column, we may measure the weight ofj 
the atmosphere. Such a scale is commonly divided into inches 
or millimetres, or any other recognised divisiou of length. Table^ 
for the conversion of readings given according to any of the 
usual scales to the English scale, and vice versa, will be found in 
Appendix I, Tables III., IV., and V. 

It has just been said that the length of the column must be 
measured from the level of the mercury in the cistern ; but it is ob- 
vious that during the changes wliich take place in the length of the 
column, the mercury which lejives the tube must enter the cistern, 
or vice versa ; hence the level of the mercury in the cistern under- 
goes changes related to those of the column. In measuring the 
length of the column we must therefore take into consideration 
these changes of level in the cistern, and this necessity has led to 
various constructions of the latter, as will be explained further on. 

The cistern need not be covered ; but, in order to render the in- 
strument portable, it is usually closed in such a way as to prevent 
the escape of the mercury, while admitting of its being affected by 
changes in the pressure of the atmosphere, and is firmly cemented 
to the tube. The whole is then supported by a case. 

There is much variety in the fonn, though less in the material, of Material fc 
barometer cases. Brass is considered the best material, because its 

* The reason for saying ** at the level of the sea " irill be explained at p. 31. 
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•i4 for coefficient of expansion by heat is well known ; and this is very 
important, as the tables for correcting barometer readings for 
temperature, founded upon the coefficients of expansion of mercury, 
glass, and brass, always give identical results with such barometers, 
although the nature of the alloy forming the cases may not in 
all instances be exactly similar. 

Barometers are also cased in various woods, but in different, and 
even in similar, species of wood, the expansive coefficient is not 
the same, nor is it constant for the same specimen, as wood is 
affected by moisture as well as temperature. A reduction table 
has been calculated, founded on an average of various determi- 
nations of the expansive coefficients of certain woods, such ns oak,’ 
walnut, and mahogany, but it cannot be relied upon for accurate 
results, like that for brass. Barometers in wood, however well 
made, must always be inferior in accuracy to those mounted in 
brass, and for this reason readings from such instruments are of 
little value for scientific purposes. 

ml for The scale, or the greater part of it, is commonly measured along 
the case ; but if a scale be applied which is quite independent of the 
case, then, of course, the reduction for temperature would depend 
upon the material of the scale, and not upon that of the case. 

The practice is to divide not the whole length of the scale, 
but only the port usually required; viz., that from 27 to 32 
inches, unless the barometer be required for use at great heights 
above the sea (p. 31), in which case the graduation must be carried 
much lower. This portion may actually be engraved on ivory, porce- 
lain, or enamel, and fixed in its proper position, but if the case 
which bears it be brass the entire scale is considered to be on bfass, 
and if the case be wood the scale is considered to be on wood, 
ern levtil. * The change of level of the mercury in the cistern may be com- 
pensated for (1) by a so-called capacity correction; (2) by a pliable 
cistern base ; (3) by a contracted scale ; or (4) by dispensing with 
\ Ithe use of a cistern altogether, and employing for the barometer a 
tube turned up at the open end in a U shape. 

The first method must be resorted to when the cistern is entirely 
covered up, and a scale of standard inches is engraved on the case. 
The mode of applying the capacity correction is explained at p. 29. 
tin’s By the second method, the necessity for the capacity correction 

is avoided by a peculiar construction of cistern invented by Fortin, 
after whom such barometers have been named. The scale is en- 
graved to show true inches. This construction of cistern is best 
adapted for high class or standard barometers, and will be fully 
explained when we come to treat of this class of barometers (p. 18). 
atractionof The third plan was adopted by the Kevv Committee of the 
British Association in 1864, and by means of it we obtain an 
accurate marine barometer which does not require a capacity cor- 
rection* By this method the extreme length of the scale is marked 
on the instrument, and instead of laying off true inches from the 
upper point downward, the inches are shortened in proportion to 
iJie relative size of the diameter of the tube and ot the cistern. 
Barometers with scales contracted or compensated in this way are 
now knovm as Kew barometers ” (p, 19). 
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This method has also grown into &vour for station barometers. 

For the ordinary kind> mounted in wood^ it is especially suited, 
as it does away with the necessity for a capacity correction ; but 
for standards it is not to be preferred to Fortin^s plan. All marine 
barometers should be graduated on this prindple. (See p. 20). 

The fourth plan is that employed in siphon barometers (p. 23). Siphon baro- 
In such instruments the mercury as it sinKS in the long dosed leg “eterB. 
of the tube rises in the short open one, and vice versdy and the 
reading of the barometer is the difference in level of the mercury 
in the two legs. 

We have spoken of the capacity correction for barometers. 

There is another correction required owing to the capillary action 
between the glass tube and the mercury in ifc. This will 
explained at p. 29. ^ ^ • 

Reading THE Barometer. 

Principlo of the Vernier. — In order to facilitate the taking Principle of tl 
of accurate readings of the height of the barometer, a small 
moveable scale, called a Vernier,” from the name of its inventor, 
is attached to the instrument. 

^ The general principle of this moveable dividing scale is that a 
given length containing n divisions of the fixed scale is divided 
into w + 1 or « — 1 divisions on the vernier. In standard barometers 
twenty-five spaces in the vernier are equal to any twenty -four spaces 
of the scale, which are each half a tenth, or five hundredths, of an 
inch ; therefore a space on the scale is larger than a space on the 
vernier by the twenty-fifth part of *05 inch, which is *002 
inch, so that the vernier exhibits differences of '002 of an inch. 

Setting the Vernier. — The vernier is moved by a rack 
and pinion. Turn the milled-head 
of the pinion (see Fig. 5, p. 18,) so 
as to bring the lower edges of the 
vernier exactly on a level with the top 
of the mercurial column, which is 
usually convex. When set properly, 
the front edge of the vernier, the top of 
the mercury, and the back edge of the 
vernier should be in the line of sight, 
which line will thus just touch the 
middle and uppermost point of the 
column. Great pare should be taken 
to acquire the habit of reading with the 
eye exactly on a level with the top of 
the mercury. The vernier edge must 
not be brought too low, or it will 
correspond with a chord of the curve 
formed by the surface of the mercury 
instead of bemg a tangent to that curve. 

Just before setting the vernier one or two taps should be given Tapping th< 
to the barometer, by the hand, of sufficient force to cause the top barometer, 
of the mercurial column to be agitated. This operation overcomes 
the tendency 6f the mercury to adhere to the glass, and allows 
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th6 force of capillarity to exert its normal action. If ever the 
difference of height thus caused is of any importancei it is when 
the pressure of the air is rapidly changing, and the barometer is 
kept perfectly undisturbed. A beginner should watch the effect 
of tapping, in order that he may learn the necessary amount of 
force to use, which should never be exceeded for fear of damage 
to the instrument. 

g the A piece of white paper placed behind the tube, so as to reflect 
the light, assists in setting the vernier accurately. A small bull’s-eye 
lamp or a candle held at the side of the instrument, so as to throw 
the light on the paper, enables the observer to get a correct reading 
at night. When observing the barometer, it should hang freely ^ 
not being inclined by holding or even by a touch ; because any 
inclination will cause the column to rise in the tube. 

The usual graduations of the scale and vernier for English 
barometers are as follows : — 

„ abort „ „ „ five hundredths (*050) „ 

„ short „ „ „ ♦wo thousandths (*002) „ 


Hog thoj 
meter. I 


Beading the Barometer. — The mode of reading off may 
be learned from a study of the following diagrams, in which A B 
represents part of the scale, and C D the veniicr, the lower edge 1) 
denoting the position of the top of the mercurial column. The 
scale is readily understood; B is 29 000 inches ; the first line 
above B is 29*050; the second line 29*100, and so on. The 
first thing is to note the scale line just below D, and the next 
is to find out the line of the vernier which is in one and the 
same direction with a line of the scale. In Fig. (2), the lower 
edge of the vernier, D, is supposed to be in exact coincidence 
with scale line 29*5; the barometer therefore reads 29*500 inches. 
Studying it attentively in this position it will be perceived that 
the vernier line a is *002 inch below the next line of the scale. 
If, therefore, the vernier be moved so as to place « in a line with 2 *, 
the edge D would read 29 *502. In like manner it is seen that h 
is ‘004 inch away from the line next above it on the scale; c, *006 
inch apart from that next above it; d, *008 inch from that next 
above it; and 1, on the vernier, is *010 below y. Hence, if 1 be 
moved into line with y, D would read 29*510. Thus the numbers 
1, 2, 3, 4, 5, on the veraier, indicate hundredths, and the inter- 
mediate lines the even thousandths of an inch. Eeferring now to 
Fig. (3), the scale line next below D is 29 * 650. Looking carefully 
up the vernier, the third line above the figure 3 on it is seen to lie 
evenly with a line on the scale. The number 3 indicates *030, and 
the third subdivision * 006 ; and thus we get — 

Reading on scale - - 29*650 

D j. . ‘ f *030 

Reading on vernier -j 


Actual reading 


29^686 inches. 
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Sometimes two pairs of lines will appear to be almost coincident ; Beading tU 
in wMch case the intermediate thousandth of ani inch should be set '>aro*tteter. 
down as the reading. Thus, suppose the reading appears to be 
29 '684 or 29*686, the mean 29*685 should be adopted. 

Pig. 2. Fig, 8. 



Attached Thermometer. — Every mercurial barometer Attached 
should have an accurate thermometer attached to its frame, the ^^ennon etcr, 
bulb of which should be turned inwards so as to be as near as pos- 
sible to the barometer tube. The thermometer may also be plunged 
in an open glass tube of the same section as the barometer tube, 
which is full of mercury and attached to the frame of the barometer. 

The degrees should be etched upon its stem, and, of course, a num- 
bered scale should be placed by its side. No reading of a barometer 
is complete without a notation of the temperature at the same time. 


for correcting the readings for temperature will be found in 
App. I, p. 82. 

Defects of Babometebs . — Aib in Tube. 

It has been said that the space above the mercury in the tube 
should contain nothing but a little of the vapour of mercury, but 


wh ich should be take n b efore the barometer itself is read , so that 
this ^attached thermpmeter ^ is an essentiat part oflh^ l^ometgr. 
The reason ot ilu^tatement is explainedf atp. SoTand*” lliWei 
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mois- 




ttc. 


)iling ” 


moral of air 
ibles fixim 
■ometers. 


it happens occasionally that small quantities of air creep up between 
the mercury and the inner surface of the tube, or that a little mois- 
ture may have been left in the tube from the process of washing it 
out. The slightest trace of moisture is very detrimental, as it makes 
the mercury adhere to the glass, and so causes the barometer to be 
sluggish in its action, besides afFecting its accuracy by depressing 
the column of mercury. Should the glass bficome smeared by 
the mercury, so that the liinro gy^pears^o c t6 ' flib 
tube, the prase»Ge>.Qf air or moisture m^ be a88umea,nnd the 
instrument should be sent to the maker to 15o reboiled, refilled, or 
fitted with a new tube as may be necessary. To know whether a 
tube with mercury has been well boiled, it is unnecessary to watch 
the process. It is sufficient to examine the tube with a lens. The 
absence of small specks and minute bubbles may be considered a 
satisfactory indication. It is sometimes recommended to cause 
the mercury to strike the top of the tube ; a clear metallic click ” 
indicating a proper condition of the mercury, while a dull sound 
gives evidence of the presence of air or vapour in it ; but, unless 
the tube be very gradually inclined, it may be broken by the mo- 
mentum of the mercury in it, and there seems to be no general 
necessity for incurring such a risk ; it should therefore never be 
attempted without vciy good reason. 

In order to prevent the access of air or moisture to the 
vacuum it is the practice to insert a small funnel or 
pipette in well made barometer tubes, somewhere between 
the range of the column and the cistern neck. The pipette 
was first suggested by (lay Lussac, in order to stop the 
ascent into the vacuum of air or moisture which may work 
its way from the cistern into tlie tube between the glass 
and the mercury, for this will lodge at the shoulder a as re- 
presented by the white space. (The figure in the margin 
(Fig. 4) represents the portion of a marine barometer tube 
which contains the pipette a b. The lower part of the tube 
has a contracted bore down to the cistern. The upper part, 
as far as the scale portion, in such barometers, is con- 
tracted even to a finer bore than that represented in the 
figure, to obviate pumping,” see p. 19). 

Experience proves that instruments deteriorate less 
rapidly with this contrivance than without it. Cases, how- 
ever, occasionally occur in which it does not effectually 
prevent the ingress of air and moisture, and it then 
becomes necessary to boil the tubes over a gas or charcoal 
stove to expel them. All barometer tubes should he thus 
treated as soon as made, in order to expel any air or 
Fig. 4. moisture which may have been left behind in the process 
of filling, the effect of which would he to depress the column 
of mercury in the tube. 

The tubes of standard and of some other barometers are not con- 
tracted like those of marine barometers, and so it is not very 
difficult to remove any air which may get into them. Should it 
be suspected that there is air in such a barometer, and there are 
no faciUties for sending the instrument to an optician to be set to 
rights, it should be taken down and inclined very gently till the 
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mercury fills the tube. On inclining it still more, so as nearly Removal of air, 
to invert it, the air, if present, will ascend in a bubble into the 
cistern, unless it be a very minute quantity and be detained 
by adhesion, in which case the top may be slightly tapped on 
the ground to facilitate its exit. Should air have got into a 
marine barometer its removal is a difficult matter, and the instru- 
ment should be sent to the maker. 

Sometimes, though very rarely, a particle of dirt, or a bubble of 
air lodges in the very fine contraction of the tube of a marine 
barometer, and completely stops the action of the instrument. 

Whenever, therefore, a marine barometer becomes stationary or 
inactive when it evidently ought to be moving under the influence 
of atmospheric changes, there being no evidence of fracture of 
the glass, the cause may be surmised to be of this nature. It 
should then be taken down, the mercury allowed to fill the tube> 
and the instrument put aside, in an inverted position, for a few 
hours. On replacing it, the cause of the stoppage will generally 
be found to have been removed to a part of the tube where it 
can do no harm. 


Management op Bakometeks. 

In handling barometers it should always be remembered that 
they are delicate and expensive instruments. The result of rough 
treatment is breakage ; and for scientific purposes, observations 
from an instrument improperly repaired and not verified are 
useless. 

Packing and Transmission.— Experience shows that it is racking for 
advisable to give some directions as to packing barometers. The transmission, 
instrument having been taken down and placed in its box, as 
directed under the head of each special type of instniment, should, 
if it is to be sent by rail or other conveyance, and is likely to be 
handled by persons unacquainted with its delicate and peculiar con- 
struction, be placed in a packing case with two or three inches of 
soft elastic packing all round it, as hay, straw, shavings, tow, or 
paper-cuttings. The lid of the case should never he nailed down^ 
but always fastened with screws. The address label should 
be pasted (not nailed) on the end of the case which is next the 
cistern, or lower end of the barometer, and it should be marked 

Glass and fragile instruments. Keep flat, or carry this end 
upwards.” Of course, if two or more barometers are packed 
together, the cisterns should all be placed at this marked end of 
the case. Barometers should be transmitted by passenger train, 
and, in short, always by whatever route or conveyance affords 
the safest transit. Transhipment or change of conveyance should 
be avoided, if possible. 

Position. — The barometer may be placed in any convenient Suspension, 
room, but should be fixed iii a good light for observing, out of 
the reach of sunshine and as much as possible out of the direct 
heat from a fire or lamp, and should not be exposed to sudden 
changes of temperature.* Great pains must be taken to ensure 

A 19775. B 
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that the instrument hangs absolutely vertically, for the slightest 
divergence from a perpendicular position will cause an appreciable 
error in the readings, making them always too high. It should 
also hang where it can be carefully protected from injury. 

DiFrERENT Kinds of Barometers in use. 



A short description of the principal kinds of 
barometers will now be given, omitting all 
mention of constructions which have not proved 
generally useful, such as long-range barometers, 
and those with distorted scales, or with spiral and 
diagonal tubes. 

Land Standard Barometer. 

The best standard barometers arc made on 
Fortin’s principle, which was mentioned on p. 12, 
In these instruments the upper part of the cistern 
is made of glass, the base is pliable, and acted upon 
by a lifting screw. The zero of the scale is 
visible in the cistern, being generally a piece of 
ivory, whose lower extremity is called the Jidu- 
dal i)oinL The level of the mercury in the cistern 
must be set to this point, before taking the read- 
ing, by raising or lowering the cistern base by 
means of the thumb screw. The tube is mounted 
in a brass case, which is suspended from a hook 
at the top of a mahogany board, so as to ensure 
perpendicularity (Fig. 5). At the lower end of 
the board is a socket or ring, with clamping screws, 
for steadying the instrument in a vertical position 
when an observation is to be made. The instru- 
ment is so suspended that it may be turned at 
pleasure to any source of light for setting and 
reading the vernier, A sheet of white note paper 
fixed on the board, just behind the top of the mer- 
cury, will also be found serviceable in reflecting 
the light so as to enable a good observation to be 
made. The vernier is constructed to read to 
of an inch, or by estimation to • 001 inch, and 
is adjusted by a rack and pinion motion. 

Barometers on Fortin’s principle can only get 
out of order by the ingress of air or moisture. 
They are not affected by any changes whidi 
may take place in the material of the cistern (jr 
the mercury therein. The scales are engmveW; 
by a dividing engine, and are usually laid dow| 3 | 
with accuracy. The only scale error likely to 
exist arises from incorrect fixing of the zerhj 
point ; it will, however, be constant throughoujjfc 
the scale, and can suffer no change from use c|f 
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the iuBtrument; moreover the position of the mercurial surface is 
independent of loss of mercury from oxidation, &c. The mode of 
testing a standard barometer will be found at p. 27. 

When sent into the country or abroad, a standard barometer is Management ol 
U8uallj7 packed, apart from the maho^ny board, in some soft elastic 
matenal, the screw at the bottom being turned so as to fill the tube 
and cistern with mercury. It should not be handled until a po- 
sition has been selected for it, and then it must be very carefully 
unpacked. It should be suspended so that the scale may be about 
five feet from the ground or floor, and that the zero point in the 
cistern and the vernier on the scale may be easily seen. The 
board should first be fixed against the wall, the cistern then 
inserted into the socket, the instrument suspended from the hook, 
and its perpendicularity secured. When this is done, the thumb 
screw at the bottom should be reversed till the mercury in the 
cistern falls to the level of the ivory point. 

To set the Barometer, first read the attached thermometer, Reading a 
then adjust the mercury in the cistern by means of the thumb standard baro- 
screw, (the tube being held vertical by the clamping screws,) so 
that it exactly touches the ivory point, which, with its reflection 
(if the surface of the mercury be clear), will then appear as a 
double cone. Next adjust the lower edge of the vernier tan- 
gentially to the convex surface of the mercury in the tube, by 
keeping the eye in line with the back and front edges of the 
vernier, see p. 13. It requires a little practice for the novice to 
make these adjustments properly and expeditiously. While it is 
all-important that they sliould be done properly, it is advisable 
to do them quickly in order to avoid raising the temperature of 
the instrument by the proximity of the observer’s person. 

The method of correcting and reducing the readings will be 
found at p. 32. 


Marine Barometers. 

It is necessary that a portion of the tube of a barometer Marine bare, 
intended for use at sea should be made with a very fine bore, as ®®*®*‘*‘ 
will be seen in fig. 4, p. 16, in order to chock the oscillations of the 
mercurial column which would otherwise occur from the motion of 
the ship. When the bore is not sufficiently contracted, the ship’s 
motion causes fluctuations in the mercury in the tube, to which 
the term ‘"pumping” is applied. Of course this “ pumping” is 
objectionable, as at times correct readings cannot be obtained. 

On the other hand, when the contraction is too fine, the instru- 
ment is sluggish in responding to the varying pressure of the 
atmosphere, and is proportionally ill-adapted for accurate obser- 
vations. The effect of sluggishness may, however, practically be 
allowed for by taking the observed reading to represent, not the 
barometric height at the moment of observation, but what was the 
height at a time earlier by a certain interval which may be called 
the ^Magging-time.” This interval, which is constant for the 
same barometer, is commonly something like three or four minutes. 
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Kew Marine Barometer. — In 1854, the Kew Committee 
of the British Association were requested by Government to re- 
commend a form of barometer suited for the marine observations, 
which were then about to be commenced by the Admiralty and 
the Board of Trade, in accordance with the resolutions adopted at 
the Brussels Conference. Accordingly, by direction of the Com- 
mittee, Mr. John Welsh, at that time in charge of Kew Observatory, 
made special experiments to ascertain the appropriate limits of 
contraction for marine barometer tubes. The reply of the Com- 
mittee to the Board of Trade stated that in selecting tlie form 
of marine barometer best adapted to the purpose of making 
observations at sea, the (committee have endeavoured to combine 
convenience and economy with accuracy, durability, and simplicity 
in construction and adjustment. 

“ The barometer proposed by Mr. Adie appears to them to 
fulfil those conditions in a satisfactory manner.” * 

Accordingly this barometer has been adopted by the Govern- 
ment. It 18 in all respects a trustworthy instrument, and is equally 
available for land or sea service. It is not too sluggish for accuracy 
on land, while at sea the motion of the ship is rather favourable 
than otherwise to its coiTcctness of action. 1 1 is mounted in a brass 
case, but, as this alloy is liable to lie acted upon by mercury, the 
cistern is made of iron. The case is open in front and rear so as to 
expose to view the range portion of the tube, and the scale is pro- 
tected from dust by a glass shield (^oe Fig. 6, p. 21). The vernier is 
engraved on a small piece of silvered brass tubing, and travels 
firmly, by a rack and pinion motion, the parts being kept in position 
by friction. The vernier is similar to that in a Fortin's standard 
barometer, and enables the height of the mercurial column to be read 
by estimation to the nearest thousandth of an inch. See p. 14. 

The inches of the scale arc contracted to compensate for the 
alterations in the level of the mercury in the cistern, as has already 
been explained. 

In the Government marine barometers the diameter of the cistern 
is about 1*25 in., and that of the tube about 0’25 in. The scale, 
therefore, instead of being divided into inches in the usual way, 
is shortened in the proportion of 0’()4 of an inch for every inch. 

The cisterns of all marine barometers are closed, Each contains 
sufficient mercury to cover the open end of the tube in whatever 
position the instrument may be placed ; so that no adjustment of 
cistern whatever has to be made, either for portability or for 
observation. The observer should never attempt to meddle with 
the cistern. Cisterns made of wood are sufficiently pervious to 
air for the mercury to be afifected by the variations of the 
pressure of the atmosphere. Those made of iron are provided 
with a small aperture at the top or cover, which is closed internally 
by a piece of leather, through which the air can act, but the mer- 
cury cannot escape. 

* The precise regulations as to the tests for sufficiency of contraction, &c. which 
are at present in force will be foutul at p. 29, when treating of the testing of marine 
barometers. 
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Every tube is constructed with an air-tra|), similar to that 
already described, p. 16. 

** Oun Barometer. — A modification of the marine baro- “ 

meter, for the Naval Service, intended to withstand the concussion 
arising from gun-firing, was designed in 1861 by Admiral FitzRoy, 
its use being rendered necessary by the greatly increased size of 
modern artillery. In this instrument the glass tube is surrounded 
as much as possible with vulcanized india-rubber tubing, as pack- 
ing, which checks the vibration arising from concussion, but does 
not hold the tube rigidly. The cistern is made entirely of seasoned 
box-wood, but would be improved by the substitution of iron, 
as being more durable, and preserving the mercury better from 
oxidation and moisture. 


Directions for TTfl.n 1 i g.— Barometers when in use at 

sea arc slung in gimbals, and 
csusponded Irom arms at least 
a foot long (Fig. 6), so as to be 
perfectly free to assume the 
vertical position under e\ery 
movement of the ship, and 
at the same time to keep 
clear of the bulkhead against 
which the arm is fastened. It 
is desirable to place them 
in such a position as not to 
be in danger of a side blow, 
and also sufficiently far from 
the deck above to allow for the 
spring of the metal arm in cases 
of sudden movements of the 
ship. If there be risk of the 
instrument striking anywhere 
when the vessel is pitching 
or rolling hea\ily, it will be 
well to put some soft padding 
on that place. It is es- 
sentially necessary that the 
instrument should have free 
swing. No steadying springs 
or stays of any kind should 
be applied to a barometer, 
as by their weight they 
at all times keep it slightly 
out of the vertical, and when 
they come under stress the 
instrument is in an abnoimal 
position altogether. Careshovld 
be taken that no I'eadhigs from 
a barometer tohick is not hang- 
ing truly vertically should ei^er 
be recorded. Such readings will 
always be too high in propor- 
tion to the degree of obliquity. 



Fifir. 6. 


Suspension of 
marine baro- 
nietors. 
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Various contrivances have been resorted to for rendering the 
arm and gimbals elastic, so as to yield to sudden jerks. Experience 
proves that a simple straight arm of well-hammered brass has 
sufficient spring for the purpose. 

When these barometers are used at land stations the arm is 
made much shorter, but in all other respects the instrument is 
mounted as shown in the figure. 

ap. A bracket and screws for suspending the barometer are in its box. 
Screw up the bracket where the barometer is to be hung. Then 
lift the instrument carefully out of its box, bend back the hinged 

E art of the suspension arm, and slip it into the bracket. (The 
olding screws should not be driven quite home until the instru- 
ment is in position.) The mercury will then fall gradually, and 
the instrument will usually be ready for observation in about an 
hour. In a well boiled tube the mercury sometimes remains 
immoveable, and will not quit the top of the tube. If after the 
lapse of a few minutes the mercury has not left the top of the tube, 
tap the cistern end rather sharply with the fingers, or njake 
the instrument swing a little in its gimbals. This difficulty vciy 
rarely hapjiens, and no precise mode of treatment can be laid 
dowm: the remedy lies much at the judgment of the observer, 
who should use such means, but never violent ones, as he may 
deem best to cause the mercury to fall. Tlie box should be 
safely stowed away. The correction certificate (p. 30) is usually 
pasted inside the lid. 

5 down. Whenever it may be necessary to take down a barometer and 
stow it in its box, the vernier should be brought down to the bottom 
of the scale. Then, having lifted the instrument out of the bracket, 
place or hold it in an inclined jjosition for a few minutes so as to 
allow the mercury to flow very gently up to the top of the glass 
tulxj. It should then be taken lengthwise and laid in its box, 
when it is portable, without any other adjustment whatever, and 
may be carried with the cistern end upwards or lying flat, but it 
must not be subjected to jars or concussions. 

To set the Barometer.— As there is no adjustment of the 
cistern requisite, or in fact possible, in these barometers, all that 
is necessary is to read the attached thermometer, and then to 
adjust the vernier and read off as directed at p. 14. 

ion Conunon Marine Barometers arc not made on any uniform 
e bare- gygtem, either as regards the contraction of the tubes, the compen- 
sation of the scales for capacity, or the introduction of the air-trap to 
prevent deterioration. They are cased in wood, and are showy 
instruments. Their usual faults are either sluggishness from over 
cxintraction, or pumping from insufficient contraction. The scale- 
errors are sometimes of considerable magnitude, and differ in value 
at different parts of the scale; while the mercury itself is fre- 
quently impure, owing to oxidation or to tlie presence of moisture. 

The cistern is made of box-wood with a pliable leather base, 
to which a lifting screw is attached. This arrangement is solely 
intended to render the instrument portable. It is covered by 
an outer brass casing. After fixing up such an instrument the 
brass casing should be unscrewed, and the flexible base of the 



cistern let down. Before changing the position of the instrument, 
or taking it down for cumage, the cistern should be screwed up 
so as to confine the mercury in a close space. 

As regards the use of such instruments it need only be repeated 
that even if their construction were otherwise accurate, no readings 
from barometers mounted in wood can be said to possess any 
scientific value whatever in comparison with those from instruments 
mounted in metal. 


Siphon Barometers. 

The tube of a barometer may be bent up at the open end in the Siphon bare 
shape of a siphon, with the short limb from six to eight inches 
long. This does away with the necessity for a cistern ; for, when 
sufficient mercury is introduced into such a tube, the atmosphere 
supports the mercury in the long limb, which is closed at the top, by 
its pressure upon that in the short limb. As the barometrical column 
rises and falls, the mercury in the short limb falls and rises; 
therefore, provided the calibre of the upper part of the long limb 
be equal to that of the short limb (so that the effect of capillarity 
is the same in each), the distance between the upper and 
lower levels of the mercury is always the height of the baro- 
metric column. A scale of inches starting from a zero point taken 
near the bend of the tube, with verniers fitted to each limb, gives 
the means of measuring the long and short columns The dif- 
ference of readings is the height of the barometer. By another 
method the zero point is taken at some intermediate position, and 
the distances of the mercury levels being measured therefrom, 
upward and downward, their sum is the height of the liarometer. 

As the capillary action of the glass is considered to be the same 
at each of the mercury surfaces, no correction for capillarity, p. 29, is 
required. If, therefore, a ci)rre(‘t scale of inches be applied, tlic 
instrument should have no error; but practically this is hardly 
ever the case. Tiie index error should be determined by com- 
parison with an acknowledged standard barometer. The correc- 
tion for temperature is applied, as for other barometers, according 
to the material on which the scale is mounted. 

As a standard station barometer the siphon tube is but little 
used in this country, though it is very generally adopted on the 
Continent, and in fact the Permanent Committee of the Vienna 
Congress have recorded their opinion as follows : — 

That if we speak of the comparison of standard barometers at central 
stations, and wish to attain an accuracy of 0*03 mm. (0'(X)12 in.), the usual 
travelling barometers would not be sufficient, but that siphon barometers of 
a diameter of at least 12 mm. (0*47 in.), were requisite, in which, moreover, 
the mercury should always be caused to rise in both legs, immediately before 
the reading.*' 


Mountain Barometers. 

The siphon form of tube has been much used for mountain Mountaii 
barometers ; as, from the absence of a cistern, and the small quantity 
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of mercury required, it makes a light and compact instrument. In- 
stead of the top of the short limb being left entirely open, it is closed, 
and a small conical puncture is made at the side, which is bound 
round with cotton wool, so that the instrument may be inverted 
for travelling without any mercury escaping. The portion in 
the short limb is then loose in its part of the tube, but, as there is 
little of it, there is no danger of its breaking the tube by its 
momentum if ordinary care be taken in moving the instrument. 
The tube is contracted along the intermediate portion and round 
the bend, so that the mercury, filling it when inverted, is retained 
there while travelling. 

ORDINARY IIaKOMKTKUS. 

Before leaving the subject of barometers, it is well to say a few 
words about the coiiiinonest forms of barometer^ in use on land, 
although, as already explained, sueli instrum(*nts cannot lay any 
claim to be considered as scientific instruments at all. 

The common land barometer is generally mounted in wood. 
The cistern may have a flexible base, but if so, its purpose is 
merely for screwing up the mercury so as to fill the tube and 
render the instrument better adapted for carriage from place 
to place. As a rule these barometers are useless for scientific 
records (sec p. 28). Like the wheel barometers, they arc housc- 
hold instruments, used as weather glasses, which name they have 
received from the practice among the makers of engraving the fol- 
lowing formulary on their scales : — 


31 inches 

Very dry. 

30-5 

99 

Settled fair. 

30 

99 

Fair. 

29*5 

99 

Changeable. 

29 

99 

Rain. 

28*5 

99 

Much rain. 

28 

99 

Stormy. 


These words are very objectionable, since they do uot satisfy 
different conditions of elevation above the seji, or of gcogra))hical 
position, and arc also totally wrong from a meteorological point of 
view. They were, no doubt, intended to refer to the action of the 
barometer when placed at or near the sea level ; but even with that 
limitation they are not eorr<K*t, for weather depends on many other 
circumstances than mere .atmospheric pressure. 

Coast or ‘^Fishery'’ Barometer. 

This form of barometer (Fig, 7,p. 25) was designed by Admiral 
FitzRoy, who also devised the lettering to be seen in the figure, 
which has to a gi*eat extent superseded that of old date, mentioned 
above. It was intended to be simple, durable, and sufficiently 
accurate for all practical purposes as a weather glass. The case is 
made of oak, and fastened by brass screws. There are no glued 
pieces nor iron fastenings which might be acted upon by mois- 
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ture. The tube ehowe a broad column of mercury. It dips in a “Fishery” 
well seasoned box-wood cistern, which has a barometers, 
flexible base made of sheepskin, and is pro- 
vided with a lifting screw. The scale plates 
are porcelain, and have the lettering burnt in. 

The vernier reads to hundredth parts of an 
inch, and one is fixed on each side of the tube 
to facilitate the observation of changes of 
pressure. The attached thermometer is large 
and easily read. It will give the temperature 
of the air, as well as that of the barometer, 
when the instrument is freely exposed, pro- 
vided it is not exposed to sunshine. 

The Meteorological Office has placed about 
120 barometers of this description at exposed 
positions on the coasts of the British Isles 
for the use of fishermen, seafaring persons, 
and the public generally. The instrument 
is admirably suited for erection as a public 
wcatlier glass. 

Directions for Handling.— This Managemen 
barometer should be suspended on a hook or 
stout nail, against a frame or piece of wood, in 
the shade, so that light may be seen through 
the tube. Otherwise a piece of white paper 
should be placed behind the upper or scale part 
of the tube. When first suspended, take the 
pinion key (from the lo\\cr end of the scale), 
fit it on the square-headed brass pin at the 
lower extremity of the instrument, and turn 
gently to the left, or against the sun, till the 
screw stops ; then take ofl* the key, and re- 
pLnee it for use on the vernier pinion near 
the scale, where it bliould remain, to be used 
in moving the vernier. The cistern base 
being tlius let down, the mercury in the tube 
comes at once to its proper level. 

In removing this barometer it is necessary 
to slope it vert/ gradually, till the mercury is 
at the top of the tube, and then, with the 
instrument reversed, to screw up the cistern 
base or bag, by the pinion key, used gently, 
and turned to the right till it stops. It will 
then be portable, but should be carried with 
the cistern end uppermost, or lyiug flat, 
and it must not be jarred or receive a 
concussion. 


Fig. 7. 


Wheel Barometer. 

The siphon tube is greatly used for the construction of the Wheel bar< 


household weather 


nown as the Wheel Barometer. lu this 
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instrument the mercury in the short limb carries a float, to which 
a silk cord is attached, and carried over, and two or three times 
round, a fixed pulley, the other end being counterpoised and 
kept in a guide tube to prevent its oscillating. The axis of the 
pulley carries a pointer in front of a dial mounted on the wooden 
case of the instrument. As the barometer rises the float 
descends, and the cord drags the pointer to the right ; as it falls 
the float rises and the counterpoise brings back the pointer to 
the left. The dial is graduated to correspond with the inches and 
divisions on an ordinary barometer, usually from 28 to 31 inches. 
The arrangement gives a very open scale ; for, although the actual 
movements of the mercury are only half of what they are in an or- 
dinary barometer, yet the pointer, traversing a large arc, multiplies 
their linear extent. It will be apparent that as the mercury rises, 
say half an inch, in the long tube, the fall in the short limb being 
also half an inch, the length of the barometrical column, which is the 
difference between the heights of the two surfaces, has increased 
one inch ; but for this increase of one inch there has only been 
movement through half an inch, and this is the amount of move- 
ment given to the pulley, and is shown on the dial as a change, say 
from 29 to 30 inches. 

The inertia arising from the weight of the float and the friction 
of the cord and pulley render the instrument at all times sluggish, 
but more especially so at the times of change from a falling to 
a rising barometer, and the converse. The most perfect baro- 
meter must always be a little behind the actual changes of 
atmospherical pressure, considered as pressure merely, because 
of the inertia to be overcome arising from the weight of the 
mercury and its friction against the glass tube. The mercury 
of a barometer is, moreover, virtually a body in motion, and must 
obey the law of inertia, which teaches that the motion will con- 
tinue after the cause has ceased to produce it, until its energy is 
destroyed. Whenever, tlierefore, we seek to make the barometrical 
column perform work as in the wheel barometer, or in the regis- 
tering barometers which act mechanically, we increase the inertia, 
and consequently render the instruments more sluggish than they 
otherwise would be. This circumstance has induced meteorolo- 
gists to resort to the photographic method of recording the height 
of the barometer, examples of which are the barographs used at the 
observatories of the Meteorological Committee. For a description 
of this instrument, see the Report of the Meteorological Committee 
for 1867. 


Substitutes for Mercurial Barometers. 

Aneroids and metallic barometers are useful substitutes for the 
mercurial barometer as weather-gWsscs. 

The Aneroid is an instrument which has come into exten- 
sive use, owing to its convenient size and portability. These 
recommendations have at once secured its very general adoption. 

In the aneroid, atmospherical pressure is measured by its effect 
in altering the shape of a small, nennctically scaled, metallic box. 



from which almost all the air has been witlidrawn, and which is Aneroid*, 
kept from collapsing by a spring. The top of the box is corrugated. 

When the atmospherical pressure rises above the amount which 
was recorded when the instrument was made, the top is forced in- 
wards, and vice versd, when pressiure falb below that amount, the top 
is pulled outwards by the spring. These motions are transferred by 
a system of levers and springs to a hand which moves on a dial like 
that of a wheel barometer. 

It is at once evident that the instrument must be graduated 
experimentally, as it cannot measure pressure absolutely, but 
aflFords indications relatively to a mercurial barometer (its sensi- 
bility depending inter alia on the quality of the metal of which the 
box is made). 

The principle of the metallic (Bourdon^s) barometer is somewhat 
similar to that of the aneroid. 

Aneroids are very sensitive, but unfortunately they do not 
preserve their accuracy. If a table of corrections be determined 
for an aneroid, it will be found that after a time it has undergone 
some change, and tliat the values of the corrections will require 
alteration, so that re-comparison with a standard barometer will be 
necessary. In every case of such comparison the readings of the 
mercurial barometer should be reduced to 32®. 

A most serious objection to the scientific utility of these instru- 
ments is their liability to injury, owing to rust or to the alteration 
of force in the springs used in their construction. However, 
for the reasons abo\e stated, the aneroid is especially suitable 
for fishemien, pilots, or seafaring persons emfdoyed in boats or 
small coasting ^ easels, in which there is not space to suspend a 
barometer ; and, of course, all that is stated regarding the baro- 
meter as a weather indicator, applies to the aneroid so far as a 
single observer is concerned F(rr concerted observations acen- 
rate mercurial barometers a) e indispensable. 

Verification of Barometers. 

Bcfoic barometrical observations can be of any real use for 
scientific purposes, there must be satisfactory evidence that the 
errors of the instruments used have been properly ascertained and 
applied. 

A Fortin^ barometer should be carefully compared with a Standard 
recognised standard. The diflfcrencc will be the constant correction l>aromete 
which is to be applied to its reading, and will include the error of 
graduation combined with the error arising firom the capillary 
action of the glass tube upon the mercury, see p. 29. In some 
certificates, however, these two coriections jire given separately. 

The inches laid dos\ n upon the scale should also be tested by a 
standard scale. This is the plan followed at the Kew Obser- 
vatory. 

It 18 a work of much more time to test the ‘^Kew” barometer, ''Kew” 
since it is necessary to find the correction for scale readings at each 
half inch throughout the range of atmospheric pressure to which 
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” it may be exposed ; owing to the fact that the inches marked 
are n(it true inches ; and it becomes necessary to have recourse to 
artificial means for changing the pressure of the atmosphere on 
the surface of the mei*cury in the cistern. 

At the Kew Observatory the barometers to be thus tested are 
placed, together with a standard, in an air-tight chamber, con- 
nected with an air pump, so that, by partially exhausting the 
air, they ctui be made to read much lower than the lowest pressure 
to which marine barometers arc likely to be exposed ; and by 
compressing the air they can be made to road higher than the 
mercury ever stands at the level of the sea. The tube of the 
standard with which they are compared is contracted similarly 
to that of the marine barometer, but a provision is made for 
adjusting the mercury in its cistern to the zero point. Glass 
windows are inserted in the upj)er part of the iron air-chambei*, 
through which the scales of the barometers may be seen ; but 
as the verniers cannot be moved in the usual way from outside 
the chiiinber, a provision is made for reading the height of the 
mercury, indej)endently of the verniers attached to the scales of 
the respective barometers, by an instrument called a t>athetometcr. 
At a distance of some fi\e or six feet from the air-tight chamber 
a vertical scale is fixed. The divisions on the scale correspond 
exactly with those on the tube of the standard barometer. A 
vernier and telescope are made to slide on the scale by means 
of a rack and pinion. The telescope has two horizontal wires, 
one fixed, and the other capable of being mo\ed by a micrometer 
screw, so that the difference between the height of the column of 
mercury and the nearest division on the scale of the standard, and 
also of all the other barometers placed by the side of it for com- 
parison, can be measured either with the vertical scale and vernier 
or with the micrometer wire. The means are thus possessed of 
testing barometers for index error in any part of the scale, through 
the whole range of atmospherical pressure to which they are likely 
to be exposed, and the usual practice is to test them at every half 
inch from 27*5 to 31 inches. The errors detected include not only 
the index error but the correction for capillarity, p. 29. 

In this way ordinary barometers of various constructions have 
been tested, and some found to read half an inch, or more, too 
high, while others read as much too low. In some cases those 
which were correct in one part of the scale were found to be 
several tenths of an inch wrong in other parts. In some the 
mercury would not descend lower than to about 29 inches, owing 
to a fault till very lately usual in the construction of common 
barometers,-— cistern was not large enough to hold the mercury 
which descended from the tube at the time of a low atmosjdierical 
pressure. 

Conditions for Barometers enforced at Kew, 1875, 

for instrumentb rec^uired for the Meteorological Office. 

For Barometers professing to he Standards , — All of which the 
index error at the ordinary pressure is greater than 0*010 inch are 
rejected. 
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^or Marine Barometers . — ^AU are rejected of which the index Oondidojw ff 
eitor at the ordinarj pressure is greater than 0*015 inch, or the 
4fcapacity error greater than 0*004 inch, or for which the mercury 
takes less than 3, or more than 6, minutes to fall from the height 
of 1*5 inches to that of 0*5 inch above the present pressure. 

This latter condition is to ensure the eflSciency of the contraction 
as a provision against pumping” (p. 19), as well as to prevent the 
danger of the barometer being too sluggish from over contraction. 


COKRECTION OF BAROMETRICAL OBSERVATIONS. 

We have already mentioned the fact that corrections must be 
applied to all barometer readings, in order to bring the indications 
of different instruments into harmony with each other, before they 
can be used for scientific purposes. Some of these corrections 
have reference to the special instrument, while others are applied 
to the reading of any Instrument taken under the same conditions. 

The corrections of the former class arc three in numbjer : — 

I. Index error. ^ 

II. Cafj)acity. 

III. Capillarity. 

Those of the latter class are two : — 

IV. Temperature. 

V. Altitude above the sea level. 

I. Correction for Index Error.—This is ai)plicd accord- 
ing to the errors discovered in the indm dual inst rument when 
verified as explained at p 27. It ma^e either additive ( + ) or 
subtractive (— ). 

II. Correction for Capacity. — In barometers possessing 
closed cisterns with a scale of true inches engraved on the case, 
there is a certain height of the column which is correctly mea- 
sured by the scale. When the mercury sinks below this position, 
called the neutral pointy the level rises in the cistern above the zero 
of the scale, and then the height read off must always be too great 
When the mercury rises above the neutral point the level in the 
cistern sinks below the zero point, and the reading is too small. 
On the scale of such a barometer the maker should mai'k the 
ueutral point, and state the ratio of the interior *area of the tube to 
that of the cistern thus; Capacity^. From these data, the 
correction for capacity is found by taking a 50th part of the differ- 
ence between the height read off and that of the neutral point, 
adding it to the reading when the column is higher, and subtract- 
ing it from the reading when it is lower, than the neutral height. 

It will bo remembered that Fortin’s and siphon barometers 
require no correction for capacity. 

III. Correction for Capiltoity. ~ The indications of 
barometers are affected by the capillary action between the glass 
tube and the mercury, the effect of which is constantly to depress 
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the raercury by a certain quantity nearly inversely proportional 
to the diameter of the tube. 

The correction, therefore, is always additive. 

This depression is greater in tubes in which the mercury has 
not been boiled (p. 16) than in those which have been subjected to 
this process. 

The following table from the Report of the Committee of the 
Royal Society on Physics and Meteorology, 1840, gives the cor- 
rections to be applied to English barometers. It takes into 
account the diameter of the tube, but not the variations of the 
height of the meniscus, i.c. the convexity which terminates the 
column : — 



Correction for 

Diameter of Tube. 



Unboiled Tubes. 

Boiled Tubes. 


Inch. 

Inch. 

luch. 

()*60 

0 004 

0*002 

0-50 

0 007 

0*003 

0-45 

0010 

0*005 

0-40 

0014 

0*007 

0*35 

0 020 

0*010 

0‘30 

0-028 

0*014 

0*25 1 

0 040 i 

0*020 

O -20 

0*060 

0*029 

0*15 

0*088 

0*044 

u-io 

0142 ! 

j 

0*070 


The certificates furni&hcd from Kew Observatory for all Imro- 
meters verified there, give the results of direct readings of the 
column at different heights, and so include the three corrections 
above mentioned, in so far as any of llicm are applicable to the 
special barometer under consideration. 

Correction for Temperature, or reduction to 32‘" 

All bodies are aflPected in their dimensions by licat ; with few excep- 
tions they expand when their temperature rises and contract when 
it falls, and it is therefore necessary, in taking any accurate measure 
of the length of any object, to know at what temperature the measure 
was made, in order that we may know what the length would have 
been at some definite temperature, which is taken as the standard 
temperature. In the case of barometers this standard temperature 
is 32®, and accordingly, speaking in general terms, when roc baro- 
meter is at a temperature below 32® the correction is additive ( + ), 
and when it is above 32° it is subtractive ( — ). 

Table I., p. 82, gives the corrections for barometers with brass 
scales, and it will be seen from it that the sign of the correction 
changes from -f to — at the temperature of 29®, as the formula 
given at p* 80 gives negative results for three degrees below 32®. 

The temperature of the barometer is given by the attached 
thermometer (p. 15), of which the bulb is so placed os to 
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give as accurately as possible the true temperature of the actual 
column of mercury. 

The pressure is given in the table for each half inch from 24 to 
31 inches, as of course the correction depends on the length of the 
column of which the temperature is given by the attached ther- 


mometer. 

In consequence of the great risk of the heat of the observer’s 
person aflPecting the thermometer attached to the instniraent during 
the process of taking a reading of the barometer, the attached 
thermometer is always to be read first of all, before the reading 
of the barometrical column is made. 


Correction for Altitude, or reduction to Sea Level — As the Altitude 
barometer measures the pressure of the atmosphere, it is evident 
that if that pressure be increased or diminished, the length of the 
barometrical column will become greater or less. If wc suppose 
the air to be homogeneous and to rest on the surface of the earth 
as an outer shell of uniform thickness, it is evident that if we 
ascended a mountain there would be a less thickness of this shell 
of air above us, and therefore a less pressure^ and vice versd if we 
went down a mine there would be a greater pressure. 

Accordingly, as we have seen that the barometrical readings 
must be reduced to a standard temperature, to make them inter- 
C(»mparable, they must also be reduced to a standard level, and 
that is the mean level of the sea. For the British Isles the mean 
sea level at Liverpool has been selected by tlie Ordnance Survey 
as their datum. It is always best to determine the altitude of a 
station by reference to the nearest Ordnance Bench Mark, 

The problem of correction for altitude is, however, not so 
easy as would a[)pear from what li is just been said. For sim- 
plicity we shall deal only with heights above sea level, as by 
far tlie most imj)ortant to us : — The difierence in pressure for 
which the correction has to be a{)plied is for the heights of the 
vertical column of air which M^ould extend from the level of the 
station to that of the se.u But the weight of this column 
differs according to its temperature, being greater if the air is 
cold than if it is warm. We must therefore hike into account 
the tem[)erature of the air at the time, and Table II., p. 84, 
gives the corrections for every ten degrees, from —20° to 100°, 
which are about the limits within wliich barometrical observations 
are usually made. This temperature must be taken from the dry 
bulb thermometer, not from that attached to the barometer. 

We see also from the explanation of the table given at p, 80, 
that as the formula enables us to find the proportion which the 
pressure of the atmosphere at the upper station bears to that at 
the sea level, the correction will vary according to thq amount of 
that pressure at the sea level, so that two tables are given for the 
extreme limits of pressure which are likely to occur at the sea 
level, viz,, 30 and 27 inches, and the corrections lor intermediate 
readings must be obtained by interpolation. 

Specimens of the mode of correcting and reducing barometer 
readings are here subjoined. 
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Firstly, if the barometer has a Kew oorreotipn, as this iodcidea 
the corrections for index error, capacity, and capillarity, we pro- 
ceed as follows : — 


Suppose that — 
Barometer roadinp 
Attached thermometer 
Kew correction for 1 
instrument - j 

Teniperature of air by 1 
dry bulb - - J 

Altitude of cistern 1 
above the mean sea > 
level - . - J 


29*946 ins. 
68 '^ 


Then we have*^ 
UncoiTected reading • 
Add for Kew correction 


29'946inB. 
+ ♦014 


+ *014 in. 
50 " 


105 ft. 


Heading 

Deduct temp, cor- 
rection for 68® aud 
80*0 ins. - 

lieatling at 32® F. 

Add for altitude on 
105 ft. at temp, of 
air 50“ and ffpprooTf- ^ 
mate pressure at sea I 
level 30*0 ins. - J 

Heading corrected and I 
reduced to 32® F. at V === 
Mean Sea Level - J 


} 


29*960 

-•106 


29*854 

+ •116 


29*970 ins. 


Secondly, if the barometer requires all the five corrections above 
enumerated. 

W(» have then the following data ; — 

Correction for index error of instrument = 4* ‘ 005 in. 

Capacity correction neutral point being 29 ins. 

Capillarity correction = -f *002 in. 

Altitude of cistern above sea level = 200 ft. 


Let the reading of the barometer be 29*812, and of the attached 
thermometer 63®, while the temperature of the outsid(» air is 60®. 
Then we have : — 


Barometer as read oil' 
Add for capillarity - 
„ „ capacity 

‘812 x^V 

„ index error 


29*812 ins. 
4 - 002 

•4 '016 
4- 005 


29*835 

Subtract for temperature of 
attached tliermometer, 63® 
barometer being 29*8 ins. - — *092 


Reading at 32® F. - - 29*743 

Add correction for altitude of 200 
feet (temperature of air being 
60®, and approximate pressure 
at sea level 30*0 ins.) - - 4- *215 


Reduced and corrected reading = 29*958 ins, 
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Barometric Measurement of Heights.— It is scarcely 
necessary to say that the same principles as enable us to as- 
certain the barometrical reading at one level from that at another, 
when the relative heights of the two stations are known, will 
enable us conversely, to determine the difference of height between 
two stations if we Imow the barometrical readings and the tempera- 
ture taken at each. In other words^ we can determine the height 
of a mountain by barometrical readings taken on the summit and 
at the sea level. 

These readings ought to be taken at the same time, because it 
is not likely that the pressure and temperature of the air will 
remain unaltered while the ascent is being carried out. 

There is a very important matter to be taken into consideration 
in respect of these calculations. The barometer is not at the 
same height at the sea level all over the earth’s surface at any 
time, and even over the limited area of the British Islands the 
mean barometrical reading varies considerably, from 29*811 ins. at 
Naim to 29*982 ins. at Plymouth (Quarterly Weather Report, 1 870, 
App. II. ]). [10]), while on individual days the differences of pres- 
sure may be far greater, amounting to an inch or more. Accord- 
ingly, as for stations in the interior of a country it is impossible to 
take a reading at the sea level in the immediate neighbourhood of* 
the station whose level we have to determine, and we have to employ 
the menus of a series of readings at the two stations, in order to 
avoid the risk of error from sudden changes of weather affecting 
the barometrical readings, we must not expect that the ascertained 
heights of the same mountains referred to different sea-coast 
stations will agree exactly witii each other. 

Hence we see that in the case of the barometrical measurements 
of elevations in the interior of continents, or of the heights of 
really high mountains, there are several elements of greater or 
less uncertainty, and accordingly such determinations cannot be so 
trustworthy as those for moderate elevations and for slight 
distances from the sea coast, which are all that is required f(»r the 
purposes of barometrical readings in these islands. 


Measurenieat 
of heighl«r. 


A IS775. 


0 
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THE THERMOMETER. 

General Description of the Instrument. 

The thermometer consists of a long glass tube, of very small 
bore, closed at one end and blown out at the other into a bulb or 
reservoir, which is filled with meivury or some other liquid. The 
temperature to which the instrument is exposed from time to time 
is indicated by the expansion of this liquid, and is measured by 
the length of the thread of liquid which extends from the bull) 
into the tube. 

There are two points on the scale of a thermometer fixed by 
reference to natund phenomena, that at which water boils, and 
that at which ice begins to melt. These are called respectively the 
boiling and the freezing point. The scale is divided into degrees. 

In the thermometer which is used in England and its colonies 
and in the United States, namely, that designed by Fahrenheit, 
the distance between these points on the scale is divided into ISO 
degrees. The point at which ice melts is 82 degrees, and that 
at which water boils, when the biu*oineter is at 29*905 inches,* is 
212 degrees. 

In the Centigrade thermometer (designed by Celsius), the 
distance between the same fixed points is divided into 100 degrees. 
The point at which icc mclt^ is 0% and that at which water boils, 
when the barometer is at 760 millimetres, is 100 degrees. 

In Reaumur’s scale, formerly much used, especially in Germany 
and Russia, the distance between the same points is divided into 
80 degrees. Here too the freezing point is 0^ ; but the boiling 
point is 80°. 

Ill both the two latter scales all temperatures beloAv the freezing 
point have a ‘^minus’' sign prefixed to tlieni. Thus — 10^ C. or 
K. indicates 10° below the freezing jioint on the Centigrade or 
Reaumur scale respectively. 

In the case of the Fahrenheit scale the zero 32 degrees below 
the freezing point, so that the minus ” sign is seldom used for 
temperatures occurring in the United Kingdom. The Fahrenheit 
and Celsius scales agree at —40° 

Of these scales, Reaumur’s, which was formerly very common, 
is now rapidly falling out of use, owing to the very general 
adoption of the Centigrade system. 

Inasmuch, hovrever, as all tliree scales arc in existence and 
occasionally met with it is well to know the following rules for 
converting readings according to one into readings according to 
either of the others. 


♦ Thf reason for saying ** when the barometer is at 29‘fK)5 inches,” is that the pressure 
ol the atmosphere exerts a great inflacnce on the boiling point of a liquid ; thus, for 
water, a differenec of pressure of one inch above or below 30 inches would raise or 
lower the boiling point almost exactly l°-7 F., if the barometer is at 29 inches, the 
boiling point is about 210'’»5. 
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To ooavert Falireoheit readings to Centigrade. 

Subtract 32 and multiply the remainder by | 

ey.68°F.=( 68-32) x J = 20®C. 

U 

To convert Fahrenheit readings to Reaumur. 

4 

Subtract 32 and multiply the remainder by ^ 

e.g. 68® P. = ( 68 - 32) X | = 16° R. 

To convert Centigrade readings to Fahrenlieit. 

Multiply by ^ and add 32. 

To convert Reaumur degrees to Fahrenheit. 

9 

Multiply by ^ and add 32. 

To convert Centigrade to Reaumur. 

4 

Multiply by 

To convert Reaumur to Centigrade. 

Multiply by ^ 

Tables VII.-IX, pp. 96-103, give comparisons of the vaiioiis 
thermometrical scales in use. 

The thermometers used in meteorological oliservations are of 
various kindb; Standard Thermometers, Ordinary Thermometers, 
Registering Thermometers, Self-recording Thermometers, and 
thermometers fitted for bpeci.il j)urposcb, such as Radiation 
Tliermometerb, 

Standard Thehmoweters. 

A standard thermometer is a thermoniettu* made ^vith especial 
oaic, and is employed for the piupose of testing from time to 
time tlu* accuracy of tliermomcters used for ordinary obsenations. 

The air thermometer is theoretically the most perfect standard 
instrument for the determination of temperature, but we need 
hardly mention it as it is not suited for use in ordinary meteo- 
rological observations. 

Under these circumstances, it is hardly necessary to siy 
that standard thermometerb are i^ually mercurial, inasmuch as 
between the two fixed points on the scale to which allusion has 
been made above, and for a considerable range on either side of 
thiun, the expansion of mercury is almost absolutely uniform. Th(‘ 
tubes themselves are selected Avith great care in order that they 
may be of uniform boro throughout, and that the size ot the bnlh 
(which is usually elongated) may be so proportioned to the c alibi (” 
of the tube that a good open scale may be jirovided, as well as an 
extended range. 

Every observatory of importance should possess one of these 
instruments, which should range from a point lower than any 
which is likely to occur in the severest frost, up to tln^ boiling 
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point of water^* in order to afford the possibility of testing at any 
teraperature the tiiermoineters used for ordinary observations. 
However, in places liable to very extreme cold, such ns occurs 
in British North America, mercurial thermometers are not 
capable of indicating the lowest temperatures which are ex- 
perienced, inasmuch as mercury freezes at the temperature of 
— 37® ’9 F. For these places spirit thermometers must sometimes 
be employed, although for various reasons, such as the absence 
of uniformity in its rate of expansion, spirit is ill fitted for use as a 
standard thermometric fluid. 

Construction of Standard Thermometers.— All stan- 
dard thermometers must be graduated independently of any 
otlier thermometers, the tube being carefully calibrated and the 
graduation effected according to the principles laid down in the 
text books of physics. Moreover, owing to the fact that glass 
after having been fused does not immediately return to its natural 
condition of density, it is necessary to select for standard ther- 
mometers only such tubes as have been lying by for several years 
after being filled. The contraction of the bulb causes the ther- 
mometers to read too high, and this defect in a thermometer is 
called ^*the displacement of zero.” After some time, however, 
the bulb ceiu^es to shrink, and the indications of the instrument 
are thenceforward constant. 

Standard thermometers should not be used for regular meteo- 
rological observations, but should be kept for the purpose of 
comparison with the other thermometers used for the observations. 

Verifications. — All persons in purchasing thermometers, or 
ill fact any meteorological instruments, should demand a certifi(Mite 
of their accuracy at various points on the scale as determined at 
some recognised scientific establishment, such as Kew Observatory ; 
the addition to the cost of the instrument is very slight, and 
quite out of proportion to the security afforded to the purchaser. 
The usual Kew certificates give the errors at t‘vcry ten d()grccs 
from 32® to 92®, but if required the instrument (‘an be tested at 
higher or lower temperatures. 

The limits of accunicy enforced at Kew for thermometers for 
the use of the Meteorological Office are as follow : — All thermo- 
meters arc rej(‘Cted for which th(‘ largest error at any point is 
greater than 0®*3 Fahnmheit, or for which any space of 10® F. 
is more than 0®’3 F. wrong. 

Okdinauy Thermombtkks. 

These should be, of course, mercurial, and range from ratlier 
below the lowest to a little above the highest temperatures to be 
expected at the locality where they are used. Thus in the 
British Isles a range from about ~ 10® or —15° to 100° is ample, 
but in more extreme climates the upper limit should t)G somewhat 
higher, while the graduation should extend in some coses even 

♦ The reaeou of saying “ up to the boiling point of water is that every indepen- 
dent standard thermometer must at least extend to the full range of the two fixed 
points on the scale. 



down to the freezing point of mercury^ and spirit thermometors Thenmm 
should be kept for use during the coldest period of the year. 

All thermometers^ without exception^ should be graduated on • 
the stem^ and should possess a certificate of verification m already 
explained. Owing to the very general prevalence of the defect 
already referi*ed to, the displacement of the zero, which only 
betrays itself after the lapse of some time, it is advisable, at lea^t 
once a year, when opportunity offers, to determine the freezing 
point of water on the thermometers by immersing them in melting 
snow or ice as directed in the text books. 

It is also necessary that great care should be taken to 
ensure that the quality of the earthenware, or other material, used 
for the slab to which the thermometer is attached, should be 
thoroughly good. If the earthenware be not properly glazed 
it is likely to absorb moisture, and then, when frost occurs, it 
becomes disintegrated, the surface scales off, and the whole 
becomes utterly useless. 

Registering Thermometers. 

These are thermometers which arc provided with an arrange- 
ment wliicli enables us to ascertain what has been the highest or 
lowest teinperature to whieli they have been exposed in a given in- 
terval of time. There are a great many types of such instruments, 
but only a few of these, which are in gc'iu'ral use, will be described. 

Under oi dinary eircumslances these instruments arc read once Hours of 
a (lay. The observing hour ought fo he midnight, if we wish to ecrvatior 
ascertain the highest and lowest temperatures experienced during 
the civil day, but as a midnight observation is Dot possible at 
ordinary stations, the Vienna Congress decided to recommend that 
these readings should betaken at the latest observing hour of the 
day. This hour is accordingly 9 p.m., for the British Isles, as will 
be seen by reference to p. 75. 

MaximTim Thermometers. — There are two kinds of 
maximum thermometers, which deserve nearly equal commenda- 
tion, Pliillips’ and Negretti and Zambra s. 

In Phillips’ thermometers the index is formed by a small por- Phillips* 
tion of the mercurial column, separated from the main thread by 
a minute air bubble, and is pushed on before the column when 
it expands, but docs not return with it when it (iontracts. It 
there l ore rests at the extreme position to which it has advanced, 
and the end furthest from the bulb registers the highest tempera- 
ture which has been attained. Thus the maximum temperature 
recorded by the instrument shown in Fig. 8 is 78°. The chief 



objection to this lorm of tliermometer is that in aomc cases 
the bubble of air is displaced, and the instrument then loses its 
registering properties and becomes an ordinary thermometer. 
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The plan of Negretti and Zambra’s thermometer is simple^ and 
the instrument is less liable to get out of order than the preceding. 
For these reasons it may be considered preferable for ordinary use. 
The registration is effected by the mercurial column itself in the 
following manner : — The bore of the thermometer tube is reduced in 
section close to the bulb in such a way that while the expansion of 
the mercury is sufficient to force the liquid past the obstruction, the 
cohesion of the metal is insufficient to draw it back again when 
the temperature falls. 

Accordingly, if the instrument be set on any day so as to agree 
with an ordinary thermometer, and bo examined after a time, when 
the temperature lias risen above that which was prevailing when 
the setting took place, hut which does not still exist, the amount 
of mercury in the tube above the contraction wdll represent the 
precise amount of mercury forced past the contraction when the 
temperature was highest, and thus will measure that temperature. 
The thermometer should be slightly inclined, bulb downwards, 
before reading, so as to let the separated portion of the column 
flow gently back to the contraction. 

In order to set this thermometer, it should be held, bulb 
downwards, and shakcai. The weight of the separated mercurial 
column will have the effect of causing all the superfluous mercury 
to return, past the contraction, into the bulb, and the instru- 
ment will soon come to indicate the same temperature as that 
of the air, and will therefore be ready for use again. 

If the hands are not kept away from the bulb during the process 
of setting, it will not be possible to set the instrument so as to 
show the true temperature of the air. 

Great care is required in making tlicse tlicrmomctcrs to ensure 
that the contraction of the tube shall be neither too great nor loo 
slight. If the former be the ease, there will be difliculty in setting 
the instrument ; if the latter, the indications will not be trust- 
worthy, as some of the mercury may be drawn back past the 
contraction when the temperature falls. 

In any case great care is required in placing a registering ther- 
mometer on its stand; each instrument usually requires to be bung 
at a certain angle, which generally differs vtay slightly from hori- 
zontality, but still it is necessary to determine by trial and error 
the precise position in which the instrument will best discharge 
its functions. 

Minimiun Thermometers.— There arc two kinds of 
minimum thermometers in use in this country, Casella’s and 
Rutherford’s. 

Casella’s thermometer is mercurial, and therefore cannot be used 
in countries where very low temperatures occur. It is very delicate 
and accurate in its indications, but requires so much care in 
management that it is generally admitted to be but ill-adapted 
for ordinary use. We shall, therefore, not describe it at length, 
but refer the reader to the maker’ s catalogue for an account oi its 
principle. 

Rutherford's minimum thermometer is a spirit thermometer 
whose index is metallic and moves with a little difficulty in the 
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tube. It is entirelj' enveloped in the spirit, and the actidn is as Rathorford'* 
follows A«nimum 
The index is allowed to run down to the end of the column by 
Hloi)ing the thermometer with the bulb uppermost and when so set is 
placed in a nearly horizontal position. If the temperature rises the 
spirit flows past the index without disturbing it. If, however, the 
temperature falls below that at which the instrument was set at 

Fig. 9. 



starting, the force of capillary attraction between the spirit and the 
index is such as to preclude its leaving the index dry, and accor- 
dingly this is drawn back with the spirit, its up])er end being always 
flush with the extremity of the column while this is receding, and 
ultimately marking the lowest temperature reached by the column, 
as when the temperature rises the index is left behind again. The 
minimum temperature^ shown by Ibo instrument in the figure 

is ir. 

These thermometers arc liable to a serious defect, owing to Delicts of bpi 
the fact that a portion of the spirit becomes volatilized and is then t^^rmometu 
condensed in the ujtpcr end of the tube, so that the continuous 
column is curtailed by a length of perhaps several degrees. It is 
to this liability to error of spirit minimum thermometers that some 
of the extraordinary discrepancies in reports of severe cold arc 
probably to be attributed. 

If a spirit thermometer reads lower than a con’cct mercurial 
thermometer close beside it, there is reason to suspect the exist- 
ence of the defect above mentioned. The spirit is also liable to 
become broken into several detached portions, especially if tlie 
instrument is being tran«*mittcd from place to place ; or the index 
may be shaken entirely out of the spirit into the upper part of the 
tube. In all tliosc cases the thermometer should be swung 
briskly to and fro ««evcral times, holding it bulb downwards, until 
all the liquid which may have been visible at the upper end of 
the tube shall have been dislodged. The instrument should then 
be placed in an upright position, bulb downwards, and left there 
for half an hour or so. This treatment will usually have the 
effect of restoring to the instrument its correctness of indication. 

There is a great difference between mercury and spirit with Sensibility 
regard to sensibility, the former liquid having a much lower 
specific heat and much higher conductivity than the latter. 
Accordingly a spherical bulb filled with spirit does not indicate 
sudden changes of temperature Av^ith nearly the same rapidity as 
one filled with mercury. This delect is obviated by making 
the bulb of tbo thermometer of such a shajie that as large a 
of the spirit is exposed to tho action of the air as 
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possible. Various patterns of minimum thermometers with forked 
or cylinder shaped bulbs, &c., have been brought out, which ore 
quite as sensitive ns mercurial thermometers of the ordinary form, 
and are strongly recommended for use, in preference to those ot 
the usual pattern. 

Self-recording Thermometers. 

igraphs. Various methods have been proposed for adapting to thermo - 
meters an arrangement whereby they shall record their own 
readings, either at frequent intervals or continuously, so as to 
avoid the necessity of close attendance of the observers. 

Records at frequent intervals are obtained by the electrical 
thermographs, as such self-recording instruments are termed. In 
Theorells and Van Rysselberghe’s, which are among the l>e8t of 
these, the thermometer differs from ordinary thermometers, in that 
the tube is open at the upper end, and a wire is introduced into 
it, which, by a clock-work arrangement, is caused at frequent 
intervals to descend until it touches the surface of the mercury. 
As soon as contact is established, an electric current is set up 
and a record is obtained. The wire is then raised again and the 
contact is broken. 

An example of the continuous method of record is the photo- 
graphic thermograph, adopted by the Meteorological Committee 
at their observatories, which is described in their Report for 1867. 
In this instrument a bubble of air is introduced into the column 
of mercury, and this moves up and down with the temjierature, 
as the bore of the tube is larger than in Phillips’ maximum ther- 
mometer, in which the separated portion does not return towards 
the bulb on a fall of Temperature. 

A lamp is placed before the instrument and a photograph of 
the space occupied by the air bubble is taken on prepared paper, 
which is stretched on a drum and caused to revolve once in 48 
houi s. 

In the thennograph in use at Greenwich, the light is allow'ed to 
jiass through the open space in the column, above the mercury, so 
that the length of the photographic impression varies with the 
height of the thermometrical reading. iTiis is a principle some- 
what similar to that in use in the Kew Barograph, p. 26. 

Thermometer Exposure. 

The exposure of thermometers is confessedly one of the most 
difficult questions in Meteorology, and we are as yet far from a 
satisfactory solution of it. In fact, the readings of thermometers 
are so liable to be affected by other influences than that of the 
mere temperature of the air, that we are very likely, in avoiding 
some of these agencies, to expose the instruments to others. 

It may be assumed as certain that the conditions of exposure 
for thermometers which will suit an insular climate like that of 
the British Isles, will not suit extreme climates like those of 
Canada or India. 

In very cold climates many observers perforce adopt the expo- 
sure of their thermometers in a simple screen nttachea to the wall 
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of the house^ where the instruments can be read through a window 
without the necessity for the observer of going out of doors at 
each time of observation. This method is only a make-shifty but 
the choice lies between such observations and no observations 
at all. 

Stevenson’s Screen. — It is unnecessary to remark that Thcrmometei 
a free exposure, whenever attainable, is by far the best for exposure- 
thermometers, but there is a great ditFerence of opinion as to the 
j)r('ci8e form of screen which is best suited for adoption. On the 
whole, for use in the British Isles, Stevenson’s screen seems to be as 
good as any hitherto proposed, though it too is capable of improve- 
ment. This form of screen is shown in Fig 10. The louvres are 
double, sloping in opposite directions, so that while there is access 
of the air to the inside, the radiant heat and rain are effectually 
excluded. Its chief defects arc its small size, and its liability to be 
choked occasionally by drifting snow, owing to. the closeness of 
the louvres which form the sides, which also checks the free circu- 
lation of the air round the instruments. 

This screen should be erected on legs 4 feet high, and should 
stand over grass on open ground. It should not be under the 
shadow of trees nor within 20 feet of any wall. 


Fig. 10. 



Wall Screens. — The method of wall exposuieib necessarily 
adopted at several telegraph stations and in towns, when an open 


apace for a free at au ding screen cannot be obtained^ and it has the 
merit of cheapness^ and of some approach to accuracy. It is also 
the method adopted on board ship. A small covered case, Fig. 11, 
is placed at a height of about 4 feet from the ground on a wall which 
faces due noi-th, if possible. In such a position it cannot receive the 
direct rays of the sun in these latitudes, except for a few hours in 
the early mornings and late evenings in summer, and it is well 
to erect louvred wings to keep off the sun’s rays at such hours. 
The screen should be fixed on holdfasts so that there may be 
a space of several inches between its back and the wall; care 
must, howe\ er, be taken that there is free circulation of the air 
about the screen, and th it there are no walls or other objects in 
front which can reflect much heat to the instruments. Tho 
rotidings of thermomctcis so exposed arc found to differ from 0 
to 5 ' (according to the si/e of the building, and the state of the 
weather) from tho&e of similar in^lruments exposed in a Steven- 
son’s screen in open ground. In fact this screen should never be 
used if there is a possibility of employing a free standing screen, 
such as that shown in Fig. 10. 

Fig. 11. 



A wall exposure of some sort or other is absolutely necessary 
for a thermograph, inasmuch as the apparatus for registration is 
of a delicate nature, and must be adequately i)rotcctcd against 
weather, and against changes of temperature, otherwise disturb- 
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ances will be introduced which may seriouBly interfere with the 
corrcctncBS of the record. 

It i8 evident that the necessity of arranging the thermograph 
so as to correspond to some floor of a building i)rcclu(lcs the possi- 
bility of being able to ensure that the bulbs shall be in all 
places at the same height above the ground, as it is not possible 
to erect special buildings for meteorological observatories at all 
stations. 

Sling Thonnometer ( Thermometre fronde of the French). — ThvrmomUrc 
In order to meet this difficulty about thermometric exposure, it has 
been suggested to dispense with the use of screens altogctlier, and 
to measure the temperature by means of a thermometer attached 
to a string, and swung round for about half a minute, lly 
this method, even in full sunshine^ a very close approximation 
to the true shade-temperature of the air may be obtained. This 
mode of determining temperature has not as yet been much used 
in England, but it seems advisable to mention it in tliis place. 


Kadiation Thermometers. 

Pmctically the sun’s rays arc the only source whence heat Itaitiatiou. 
roaches tlic ojirth’s surface, and Kadiation from the (*arth into space 
t h(‘ only mode in which heat is again lost. 

Any attomi)t to measure the intensity of these twofoi'Ccs must 
tliereforo bo regarded a jniori as of the greatest importance to 
meteorology. In prjiclice, liowever, the irregularities arising from 
the distribution of lieat l)y winds greatly complicate the ])roblom 
of d(*ducing the climate of any place from the relative effects of 
Solar and Terrestrial Radiation, especially in insular positions. 

It is only in th(‘ interior of great eontinents that any gri^it 
degree of regularity in the clinuite occurs, because tliere alone are 
the changes, in the main, directly due to Ra<liatiou. 

Furthermore, as metcoredogists have generally contented them- 
selves with observing the climate actually produced in preference 
to troubling themselves with any attempt to gauge the forces 
wliich produce it, it will not be surprising to find that the solution 
of any such problem as tliat indicated seems almost indefinitely 
distant. 

Scarcely any of the methods employed for measuring solar or 
terrestrial radiation are thoroughly satisfactory. 

Solar Radiation. — The best instrument hitherto brought SolmKadiation. 
into use for measuring solar radiation is known as the bla(‘kened 

bulb thermometer in vaevo!^ It consists of a sensitive thermo- 
meter (which is usually a maximum thermometer, for convenience 
of registration), having the bulb and one inch of the stem coated witli 
dull lamp black,* The whole is then enclosed in a glass tube, of 
whicli one end is blown out into a bulb of about 2*25 ins. diameter, 

♦ The object of coating part of the stem is to prevent the temperature of the 
blackened bulb being lowered by contact with the cooler glass of the unblackcncd 
stem. 
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'ladiation. enclosing the bulb of the thermometer, which is fixed in its centre. 
The glass jacket, so constructed, is then exhausted of air by a good 
air-pump and permanently closed. 

It is evident that as the action of this instrument depends in 
some measure on the completeness of the vacuum, it is not sufficient 
simply to test the thermometer which is to be enclosed in the 
envelope. It is necessary to have some independent method of 
gauging the amount of rai’efaction which has been attained. Tin'* 
may be done in various ways : Messrs, Ncgretti and Zambra intro- 
duce a mercurial pressure gauge into the vacuuuj, while Mr. Hicks 
has soldered platinum wires into the glass (Fig. 12), and tests the 
state of the vacuum by the passage of the electric light. 


Fig. 12. 



The instnimont then freely exposed to sun and air bv fixin'» 
It honzonfally at the same height a^)o^e the ground as that at 
which the shade thermometers are placed. This is usually 4 feet. 
It must he at a distanee from walls or trees or any objects which 
may obstruct or reflect the full rays of the sun. The bulb is 
usually directed to the S.E. 

If, however, the thermometer be a maximum thermometer on 
Negrctti s ^innciple (p 38) it may with advantage be placed in a 
vertical position with the bulb uppermost. 

The reading of such an instrument depends on the elevation of 
the temperatui-c at which equilibrium is established between the 
heat produced by the direct r.iys of the Min and the cooling iiro- 
duced by the radiation of heat from the bulb to the external jacket. 
The jacket has a temperature depending upon, and differing hut 
slightly from, that of the air surrounding the instrument It fol- 
lows, then, that the (“xeess of this temperature of equilibrium over 
that of the outer jacket is an exact measure, and its excess over 
that of the outer air is a elosel} approximate measure, of the power 
which the Min’s rays, acting through glass, have exerted upon the 
bulb ; hence, the following instructions : — 

Observe the maxiimim temperature registered by the solar radia- 
tion thermometer, subtract from this the maximum temperntiirc of 
the air in the shade, and the result indicates approximately the 
greatest .amount of radiation which has occurred during the day. 

It has also been suirgested to expose alongside of the black hull) 
in vacuo a similar thermometer, also in vacuo, hut with its bulb 
bright, and to reglMcr the diflerence between the readings of the 
two iiistruiuentb. 
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It is important to remember that the result obtained bj thew 
readings is irrespective of the duration of sunshine, or of the sun s 
altitude. Both of these elements must be taken into consideration 
before the effect of solar radiation upon climate can be traced. 

The sun’s altitude is of course kno^vn, Init some good method of 
recording the duration of sunshine, or the total amount of heat 
received, is much needed. 

Terrestrial Radiation.— All objects exposed to the sky Terrestrial 
radiate heat towards it. If the sky be overcast much of the heat 
thus radiated is returned, as the clouds, though generally colder 
than objects on the earth s surface, are very much wanner than 
space. Even if the sky be clear the vapour contained in the 
atmosphere has the power of retarding the escape of heat from 
the earth, consequently a dry climate is by far more favourable 
to radiation than a dam[) one. 

As the effect of terrestrial radiation is most marked where the 
disturbing influence of wind is least felt, it is usual to place a 
thermometer intended to measure radiation upon the ground. A 
piece of good lawn grass is sidected and a sensitive minimum 
thermometer suspended over it on wooden YV, so as to touch 
hut not he liuried in the hladcs of grass The defect ol* the 
temperature so registered, below the minimum in the air, is 
taken as the amount of terrestrial radiation. 

The indications of a thermometer so placed ar(‘ much influenced 
by the temperature of the soil, from which it is more or less 
insulated, according to the length and thickness of the grass 
interposed, so that a thermometer over long grass reads lower 
than one over shorter gras^, in the heat of summer a^ ^Ycll as in 
winter. In severe frost, if the ground be not covered with snow, 
a thermometer placed upon short gra.^^^ will fall very little below 
the teinperntiire of the air, on account of tlie lieat received irom 
the soil. For this reason, wlienever snow is l>ing, the radiation 
thermometer should be placed on its .^urlaci*. 

Moreover, it is found that a lower temperature is usually 
marked over a large grass plot than over a w^mall one, because 
the cold air resting on the latter is fiablc, at the slightest breath 
of wind, to be rephict‘d by that which lias been resting on some 
surface wliich is a less powerful radiator. 

Where no grass can be obtained the thermometer should be 
placed on a large black board hid upon the ground. Under any 
circumstances a board gives a better measure of terrestrial radia- 
tion than grass; a small groove may be cut in it to receive the 
bulb and prevent the thermometer from rolling. 

It is much to be desired that some convenient method should he 
devised by which correct and comparable observations of radiation 
may be secured. 



HYGROMETRY. 

General Description op the Instrument. 

There are various kinds of hygrometers, the observations of the 
amount of moisture in the air being taken in a direct, as well 

in an indirect, mtwner* 

~Thc mdsF important instruments for direct observations arc 
Daniell’s and Regnault’s, both of which require the employment 
of elher to lower artificially the temperature of the instrument. 

Daniell’s Hygrometer consists of two bulbs connected 
together by a tube. One bulb is of black glass, the other of clear 
glass and coated with muslin. The liquid within the bulbs is ether, 
which has been made to boil when the instrument was sealed, so 
that all air should be expelled. The instrument will then act in a 
similar way to Wol laston’s Cryqpl iorus. and if a difference of tem- 
perature be produced between the two bulbs all the liquid will be 
transferred from the wanner to the colder bulb. 

The mode of taking an observation is the following: — The 
whole of the ether is caused to enter the black bulb, and a little 
ether is dro])ped on the mu.sliii covering of the clear bulb. The 
evaporation of this ether lowers the tenqierature of tliis clear bulb, 
and causes the ether in the black bulb to distil over into the clear 
one. This [irocess has the effect of lowering the temperature of 
the black bulb, and as soon as ever this reaches the temperature of 
the Dew point, the vapour in the air begins to be condensed on 
the outside of the black bulb, and dulls it by the formation of a 
ring of minute globules of natcr. The temjieraturc at which 
this takes place is indicated by a therinoiin'tcr which is placed 
inside the instrument, with its bulb within the black bulb. 

Regnault’s Hygrometer is rather more complicated than 
the foregoing. It consists of a glass tube silvered on the bottom and 
for a short distance up. The tube is inlcmdcd to contain ether, 
and is closed at the top by a cork pierced by two holes. Through 
one of these a thermometer jiasses, so that its bulb reaches to the 
bottom of the silvered tube, while the other opens a communication 
between this tube and an aspirator or air-pump. 

The mode of observing is to introduce some ether into the 
silvered tube, replace the stopper, and then, by mechanical means, 
withdraw the ether vapour from the tube. The temperature of 
the remaining contents of the tube falls quickly, and ultimately 
the vapour present in the air begins to be condensed on the silver 
as soon as the dew point is reached. The temperature at which 
this phenomenon takes place is indicated by the thermometer. 

These instruments accordingly give the dew point by direct 
observation, Imt the latter is by far the more* trustworthy. Botli 
of them require very great care in manipulation, especially the 
former. 
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There are two great classes of hygrometers, viz., organic 


hygrometers and tne psychrometer, or wet and dry bulb hygrometer. 

Organic hygrometers are instruments which indicate the amount Hair hygro- 
of moisture in the air by the behaviour of some organic substance, 

Thus cords contract in wet and stretch in diy wea ther . The 
only hygrometei* of this character worth notice Is Saussure’s hair 
hygrometer, which shows the humidity of the air by means of the 
alteration of length of a hair. Hajr, c onversely to cord , ^jjgctchg^ 
when i t is moist , a nd contracts wl^ d ry. This instrumefinsTut 
^ese Islands, but as it has been generally recom- 


mended by the Vienna Congress, for use in extreme climates 
when the indications of the psychrometer are either uncertain or 
entirely astray, it seems necessary to allude to it here. 


Wet and Dry Bulb Hygrometer. — The psychrometer wet and Diy 
of August, or as it is usually called in this country, Mason^,” 
or the wet and dry bulb, hygrometer, is by far the most convenient 
instrument for use imdcr ordinary circumstances. Thio is repre- 
seiitod in Fig. 11 , p- 42. 

The instrument consists of two thermometers, the bulb of one of 
which is coated with muslin and kept moistened with water. The 
principle of its action is that, as long as the atmosphere is not satu- 
rated with vapour, evaporation wull take place from .any free Avatcr 
surface, such as the moist coating of the wet bulb. If then the 
air be saturated, no evaporation is possible, and the two ther- 
mometers, the dry and the wet bulb, Avill read alike. If the air he 
not saturated, the coating of the damp bull) wdll give off vapour, 
and the temperature of that thermometer will lall until a certain 
point is re, ached, Intermediate hetween the temperature of the air 
and the dew poiut ; below this temperature the wet bulb thei‘- 
mometcr will not fall, unless the temperature of the 
air falls, or the air becomes drier, but it must be rc- Fia. 13. 
membered that the temperature of this thermometer 
will begin to rise again if the muslin coating of the 
bulb begins to get dry, owing to a deficient supply 
of water, or if the supply be too copious and the 
coating too wet. 

The usual mode of regulating the supply 
is to keep a small reservoir of >vater close to 
the damp bulb, and to establish a connexion from 
the one to the other, by means of a few threads of 
worsted or lamp cotton, as shown in the figure. 

The worsted should be long enough to reach a few 
inches from the lowest part of the bulb, and should 
be carried sideways so as to dip in the vessel of 
water when it wifi act ab a capillary siphon, and 
kem) the bulb constantly moist. 

The management of this instrument requires some 
special precautions. In the first place, the covering 
of the wet bulb must be very thin, else there is 
danger that true thermic equilibrium will not be 
established between the outside of the coating 
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AV^iere the evaporation is going on and the actual bulb. In the 
second place, the supply of water must be very carelully regulated^ 
so that the bulb shall be constantly moist, and yet not too wet. 
Accordingly we ought to have a more ample supply in dry weather 
than in damp^ or we shall find that on a hot summer’s day the 
worsted becomes perfectly dry, and no longer acts as a siphon, 
the bulb itself becoming dry also ; while if a sufficiency of water be 
provided to meet such an emergency, there will be a brisk drip 
going on from the damp bulb in damp weather, which is certainly 
wrong. 

The cup, glass, or other small holder of water ought not to be 
under or too near the dry thermometer. The little reservoir 
should be placed at some distance on the off side of the wet 
thennometer, that is, as far as possible from the dry, which 
should not receive moisture from any source whatever. Of 
course if moisture be found on the dry bulb, this should be wiped 
and left for a while to assume the true temperature of the air. The 
water for the wet bulb should be cither distilled or clean rain water, 
or, if this be not procurable, the softest pure water which can l)C 
had, to avoid the inconvenience of the deposit of lime, &c. on the 
bulb. The water vessel should he replenished after^ or some con^ 
siderahle time heforcy observing ; because observations are incorrect 
if made while the water is warmer or colder than the air. 

The muslin and worsted should be well washed before being 
applied, and occasionally with a brush while in use. They should 
be changed once or twi<*c a month, or even oftener, according to 
the quality of the water, and the ex|X)Sure to dust ot soot 
Accuracy depends muc.li on the care taken for cleanliness, and 
a j)roper suj)ply of fresh water. 

The great difficulty with the instrument is found at a time of 
frost. . The water on the worste 1 freezes, and the capillary action 
is at an end, so that the bulb soou becomes as dry as in hot 
weather. If then tJie temperature be below the freezing point 
it is obvious that water cannot be placed on the coating of the 
wet bulb without raising the temperature of the instrument. The 
thermometer will not be fit for an observation until the freshly- 
added water has become frozen and the temperature of the 
thermometer has ceased sinking. At such a time the evapora- 
tion will be going on from the surface of the ice, and the 
thermometer will act in the same way as if it had a damp bulb. 

This shows us, however, that in winter it is quite impossible to 
maintain a constant supply of water to the wet bulb, and this 
form of hygrometer is practically useless for self-recording pur- 
jK>seB in cola weather. 

When the temperature of the air is below the freezing point 
and the damp bulb is dry it should be wetted, by means of a 
camel-hair brush or a feather, with some cold water taken from 
under ice, care bei^ taken to raise its temperature as little as 
possible. After waiting a few minutes, the moisture will first freeze, 
then cool down to the temperature of the air, and finally the llier- 
moineter will fall a trifle lower than the dry oqe, and then the 
temperature of evaporation may be noted. 
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In time of hard and continued frost, if a coating of ice be 
allowed to form on the coating of the damp bulb, this will occa- 
sionally remain for several days before the bulb will become dry 
again. 

In some rare cases, e.g, during thick fog or in very cold calm 
weather it may sometimes happen that the wet bulb reads above 
the dry bulb. This arises from the fact that when there is no loss 
of heat by evaporation its muslin coating prevents its indicating 
the temperature of the air as correctly as the unprotected bulb. 

In such cases the readings are to be considered as identical with 
each other, the air being perfectly saturated. 

The theory of the psychrometer has been very thoroughly in- Theory of we[ 
vestigated by Prof. Apjohn (Trans. K. L A., Vol. XVIL), who 
gives the following equations : — 

/"=/'- 001147 


Where /" is the tension of aqueous vapour corresponding to the 
dew point. 

/' is the tension corresponding to the reading of the 
wet bulb. 

t is the temperature of the dry bulb. 
t „ „ wet „ 

p is the reading of the barometer. 


When the barometer is at about 30 inches the fraction 
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differs little from unity, and as it is multiplied by a very small 
factor the difference may practically be neglected, so that the 
formula becomes — 
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For temperatures below 32° this formula becomes — 
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These fomiute require the use of tables of Tension of Aqueous 
Vapour, and as it is troublesome to calculate afresh for each 
observation, tables have been compiled which give the dew ])oint 
by inspection. 

The best tables at present in English measures are (jlaisher’s 
(Gth edition), which have been constructed empirically from direct 
experiments carried on at Greenwich, combined with Kegnault’s 
tables of the Elastic Force of Aqueous Vapour, &c. 

These tables are reasonably accurate for the conditions usually 
prevfilcnt in the United Kingdom, but they are entirely insufficient 
when we have to deal with very dry climates, such as those some- 
times found in India. For such circumstances accurate hygro- 
metrical tables in English measures arc yet wanted. 
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THE RAIN GAUGE. 


Form And Exposuro of GAUgO. — There are numerous 
Fro. 14. patterns of rain gauges, but t he 

l)eat>ibx..^ gcnCTal ^se iff that 

eirciilar eollecting funnd, the 
rain is caught in a can, and 
measured in a graduated glass. 
The upper edge of tlie funnel 
is fitted with a vertical rim 
about six inches in depth, with 
a stout brass ring, ground to a 
kni£[L^(lge on toj), uliieh will 
pres('rve it8"~^il)e jx^rfectly, 
and entirely pr(‘\cnt insplash- 
ing of rain-drops. The olyect 
of the addition of this rim is to 
catch snow, as will be ex- 
plained b(4ow. Great care 
should be taken to insure that 
tlic mouth of the funnel is not 
(lejitgd, as if the area not 
a true circle, the full amount 
of rain will not be collected. 
The sole reason fi)r pref(‘rring circular gauges toscpiaro on(‘sis that 
the latter get more easily out of the shape than tlu‘ fornu^r. 

There is some difference of opinion as to the jjmmxiirca of tlie 
collecting funnel. The Meteorological Office emjdo^s a (liamct(T 
of^^hTcmes. Mr. Synioiis recommends, for ordinary stations, 
owm^TRTTheir cheapness, 5-iiich gauges, but it has b(‘cn shown by 
most carefully conducted experiments that the difference in indi- 
cations between gauges of various apertures, ranging from 3 ins. 
to 24 ins. in diameter, is very small, hardly exceeding (jiic ])cr 
cent. 

The*ghuge should be set ^) in a well-exposed positio n, where it 
will not be sheltered by "{Fees/ luiildings, or high walls on any side. 
It should be placed on the ground, th e rim being made perfect ly 
level, an d be tinfliyTixen so as not to be blown ove rT In soTiie 
is* atlvieable to sink the lower part of "tliie 'c^iudcr*<r*lew 
in ches into th e ground. The'lieigHt'of the rIm '^2i^iK£glxuui3 
antT siSove the mean Sea Level should be givcn7t1Ie best height for 
the fo rmer l)eing 1 foo t, except in places liable to very heavy tails 
of snow. The angle subtended in each azimuth by the in arest 
obstacle, such as a building or a tree, should not exceed .30°, and the 
true bearing of the obstacle from the gauge should be carefully 
measured and noted in the register. 

The gauge should never, under ordinary circumstances, be 
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plafififl on a roof o r at any considerable elevation above the 
ground, as m such ^ses the amount coU^ectedjyill h©. 1©?8 than 
that which WOtflU have Ibcen record^^ the gauge been on , 
the ground. 'T^eveHKeTess aVoof^ exposure is better than such a 
•grOttfith^ as is sometimes the only one attainable in town 
gardens, if the S])ace be very confined* 

The observer should reniembt'r ne^er to co llect the rain in Collector, 
the measi mng gl ass supplied with the gauge/^nstead of using 
the proper canTor the purpose* If this be done in winter there 
is a risk of breaking the glass if frost should set in after rain has 
fallen. However, a large bottle, a Winchester quart bottle, 
may with advantage boused instead of the copper collecting can, 
excepting in winter, inasmuch as the evaporation from a bottle is 
less than from a can. 

Measurement of Rain. — The gauge should bo examined Measuremeu 
day at 9 a.in . and the amount found in it entered in th^ of ram. 
Register as havin g f allen on the inasm uch as if we 
me asure at IT a.mTtQ-ck^ is iirobal^, under ordinary eirciim- 
staiiccs, riiat more of the rain m the gauge will have fallen during j 

the 15 hours of the jirevious day, up to midnight, than during the / 

nine hours from midnight to 9 a.in. ^ ^ J 

The measurement of snow or hail is to be effected by thawing Measuremen 
the quantity I'^ollected in the gauge, and measuring the water 
^vllich ^esultb therefrom. This method of measuring the snow is 
not ^ery satisfactory, as if there be much wind the suow will be 
blown out of the gauge, and the measurement will thus be rendered 
entirely untriistwoi*thy. To meet thib diflSculty the rim is some- 
times put on the top of the funnel oi* the gauge, as explained 
al)0\e, and this renders it more difficult for the snow to be whisked 
out of the gauge. If the gauge be not fitted with this arrange- 
ment tlie b(‘st plan is to take the outside cylinder of the gauge, 
which has the same diameter as the funnel, and inveri it over snow, 
lying level, where its de[)tli seems to be nearly uniform and of 
about the average amount, and to collect tlie solid cylinder of snow, 
thus cut out, and melt it. This proceeding ought to gi^e the 
(piantity which would lia\e been collected in the gauge if the 
snow had not been blown out of it, but the results arc not abso- 
lutely satisfactory. A good method of thawing the snow quickly 
is to add to it a measured quantity of warm water, and subtnict 
this quantity from the resulting volume of water. It is said that 
this process gives rather too small an amount, but the process of 
allowing the snow to thaw slowly in a warm room takes too 
much time, and is still more inaccurate. 

It is sometimes recommended to measure the depth of the snow 
and enter a certfiin fraction of this depth as the amount of water 
which the snow would yield if thawed. It is generally said that 
a foot of snow givers* an inch of water, so that one-twelfth of the 
depth of the snow in inches would be the amount of rain corre- 
sponding to a given iall of snow. This estimate is, however, only 
an exceedingly loose approximation, as the layer of snow is not 
always of uniform density, 

D 2 
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If snow is lying for more than a day the observer should measure 
every morning the depth of the snow at some place where it is 
lying evenly, and has apparently not been drifted, and should 
enter the depth in the “ Kemark ” column. 

The character of the precipitation when other than Bain should 
always be stated in the column of Bemarks, and the appropriate 
symbols used to mdicate it. “ Hail ” should only be entered when 
the stones arc hard; the soft stones (“Graupcl” in German, 
“ Grdsil ” in Fri’nch), like small snowballs, which fall in cold dry 
weather are to be specially noted. 

The time of occurrence of the precipitation is to be noticed by 
the addition of a (a.m.) or p (p.m.) to the symbol employed, and 
the duration of the hill in hours, as estimated by the observer, is 
to be inserted in the proper column. 
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EVAPOBATION, 

Evaporation is a subject which has not as yet received as much 
attention as it deserves, but this is partly owing to the great 
difficulty which exists in making any accurate observations on it. 
The amount of moisture removed from a water surface by evapo- 
ration depends on the degree of humidity of the air immediately 
in contact with that surface, and also on the rapidity with which 
that air is renewed by the action of wind. 

The ordinary method of measuring evaporation, by means of an 
open gauge or atmometer ** * filled from time to time with water, 
the decrease in depth of which during a given interval of time 
gives the volume of water removed by evaporation, is a very 
rough mode of observation. In the first place, rain falls into the 
vessel, and account must be taken of its amount, while during a 
heavy shower much water will be lost by splashing. 01‘ course, 
however, arrangements can be made to shelter the instrument from 
rain. 

Mon'over, the rate at which the air in immediate contact with 
the Burllicc of the water in the gauge is renewed, the five 
access of the external air to the surface of the water, depends on 
the depth at which tliis surface stands below the rim of the gauge. 
Hence it becomes necessary to introduce some contrivance to 
maintain this level constant. 

Various atmometers have been diwised of late years by Prof, 
von Lamont, M. Dufour, Dr. A. Mitchell, Prof. Osnaghi, and 
others, but none of these* has as yet met with general acceptance, 
so that it does not seem necessary to describe them in detail. 

The three first named measure the evaporation by the volume 
of water removed, and must therefore be useless during frost ; 
the last indicates the evaporation by the loss in weight of a vessel 
containing w"at(*r, and it can thcrefon* give indications in winter. 

There is this uncertainty about evaporation that all the experi- 
ments to which ivferen(‘e has been made relate to that taking 
place from an exposed wat('r surface of a, comparatively speaking, 
iiifiuitesimally small area, and can therefore liave but a very partial 
applicability to the conditions occurring in nature. There are two 
main reasons for this statement. Firstly, the i)roportion of the 
surface of the land on the earth which is covered with lakes and 
rivers is very limited, and the exjieriments above indicated throw 
no light on the evaporation 6*001 the soil. Secondly, the evapora- 
tion from the surface of a small atmometer erected on tlic ground, 
with comparatively dry air all around it, is certainly very different 
from that which would take place from au equal area in the centre 
of a large water surface, such as a lake. 


♦ Porhaps Leslie’s term ** atmidometer ” is more classically correct, lMU*‘atmo- 
metcr” has the advantage of being shorter without being absolutely incorrect. Such 
mongrel words 5^3 evaporometer ** ore inadmissible. 


Atraometors. 


Uncortaiut} 
about the 
observationi 
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It i« of course easy to make experiments on the evaporation 
from the soil by means of a balance atmonieter, but in order that 
these should possess a practical value, the investigation must bo 
extended so as to include a wide variety of soils, &c,, &c. As 
regards the second point which has been raised, it is recommended 
by the Vienna Congress to erect atmometers in the centre ol' wat(T 
siu'faces ; but it is not a very easy matter to conduct such expe- 
riments with accuracy, owing to the lisk of in-splashing from 
waves. 

The subject is one of very gi’eat imporhmcc, especially as 
regards its connection witli rainiall and water supply, and well 
deserves especial attention, but it cannot be said that the results 
hitherto obtained merit much confidence as rc'gards their appli- 
cability to the evaporation occurring in nature, owing to the 
exceptional maimer in wliich the observations have been made. 
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WIND. 

Various instruments have been proposed for the registration of 
Wind, according to whether it be wished to obtain a record of the 
Force or Pressure, or of the Velocity. There is comparatively 
little trouble in obtaining a record of the Direction. 

Pressure Anemoraeters.'-The oldest pressure anemometer Pressure Ane- 
is Lind’s, which consists of an inverted siphon tube, half filled with “^ometers. 
water, and graduated on the longer arm. The force of the wind 
is measured by the lieight of the column of water which the wind 
is able to maintain in the longer ami above the level of the water 
in the shorter. The instrument is held in the hand, and the 
bell-mouthed opening of the shorter leg of the siphon, which is 
bent at a right angle, is turned to face the wind. Such an ex- 
periment is necessarily very rough. 

Until recently the most perfect pressure anemometer was OsleFs Osier’b. 

(Fig. 15), in which the force of the wind is measured by the dis- 
tance to which the jiressure plate is driven back on the springs. 

This motion is communicated to a pencil, and the record preserved 
on paper. 

Fig. 15. 


4 



The chief objection to this instrument arises from the use of 
springs which, from their continual exposure to weather, cannot 
always preserve the same strength and elasticity, and whose con- 
dition must therefore consideraMv influence the results, 

A more recent instrument of this class is Cator’s, in which 
the resistance is furnished by a system of levers instead of springs. 
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These consist of two eccentric curves of different sizes rigidly con- 
nected together and revolving on the same axle, of which the 
curvatures decrease respectively in opposite directions, so that the 
effect is doubled. Round the larger one a cord is carried, from 
which hangs a fixed weight. Round the smaller one a chain is 
passed, which is connected directly with the pressure plate and 
also with the recording pencil. 

The chief value of this apparatus consists in its close proximity 
to the recording pencil and in the fact that the resistance is always 
the same, as every part of the instrument, except the pressure 
plate, is under cover and free from exposure to the weather. 
Another peculiarity of this instrument is that the plate is fur- 
nished with a conical back, so as to diminish the error arising 
from the formation of a partial vacuum behind it in strong winds. 

The chief difficulty about the use of such instruments as these 
consists in the fact that neither the results obtained from the 
different instruments with the same size of plate, nor those from 
the same instrument with pressure plates of different sizes, show 
as close an accordance inter se as might be wished : so that we 
are unable to say Avhat is the best size* to adopt as the normal 
plate ; that usually employed is one square* foot. 

Notwithstanding this objection, pressure anemometers arc of 
great importance as being the only instruments at present which 
can give us any record ot* the force of in(li\ idual gusts of wind or 
of any sudden changes. 

The Vienna Congress has recommended the introduction of 
Professor Wild’s pressure gauge which is in use in Russia and 
Switzerland. This consists of a rectangular plate hung on hinges 
on a horizontal axis. The angle which this makes with the vertical 
indicates the force of the wind. This instrument gives sufficiently 
accurate results for light winds, but fails in the case of strongish 
wiiids^ a plate which is light enough to mark the differences between 
forces 1 and 2 of Beaufort’s scale (j). 58), will be kept in a nearly 
horizontal position hy even a moderate breeze^ so that there will be 
no percejjtible difference in the indications for forces 6 or 7 and 
those for forces 10 or 11. 

Velocity Anemometers.— Of velocity anemometers the only 
form practically in use is R(»bin8on’s, which is described in the 
Transactions of the Royal Irish Academy for 1850. 

The velocity is ineasur(*d by the rate of revolution in a horizontal 
plane, about a vertical axis, of 4 hemispherical cups fixed to the 
extremities of the arms of a cross. The motion of the axis is 
transmitted by gearing to the recording portion of the apparatus, 
which may be either a system of dials, which must be read off at 
definite intervals, or an arrangement for marking each mile of wind 
on a stri]) of paper moved by clock-work ; or, finally, as in the full- 
sized anemogniphs, a pair of brass tracers which mark the velocity 
continually on metallic paper, stretched on a drum, which revolves 
once in 24 hours. In these latter instruments the direction is 
continuousiy recorded by the tracers in a similar manner to the 
velocity, the moving power for the direction tracers being a double 
windmill vane. 
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Theoretically the velocity of rotation of the cups in Robinson^s Rohinson's 
anemometer is independent of the length of the anrjs or the size of Anemometer, 
the cups; but practically it is found that two instruments of 
different sizes do not give similar results, and most, if not all, 
of the smaller instniments which arc in use )ield results falling 
15 or 20 per cent, below what ought to be the correct indication, j 
while the larger ones give figures slightly above the correct results. 

This subject, however, urgently requires a closer investigation. 

There is, however, an inherent difficulty about all aneinoinetrical Effect of pohi 
measurements, whether of pressure or velocity, in that they are most 
seriously affected by the position of the instrument. If it be indications, 
attached to, or even erected near, any large building, or if there 
be high trees in the vicinity, it will indicate much less wind than 
if it were in a perfectly open country, and the results of recent 
experiments have thrown much doubt on the possibility of com- 
paring, with any degree of minuten(‘S5S, aneiiiometrical data from 
different stations. 

This fact alone is sufficient to condemn nearly all the determina- 
lions of absolute velocities hitherto made with small anemonuders 
by private observers, even thougli the instruments were perfectly 
correct. 

Various instruments have been devised, employing methods of 
electrical registration of the velocity, and allowing of the cups, 

&c. being erected at a distance from any buildings, but it 
seems all but impossible to erect the instrument so that it shall 
be removed out of the sphere of the disturbing action of the 
irregular surface of the ground on the current of air passing over 
it, so that all we can say is that it at present appears that the 
results from each station must be compared infer se. 

'flic oldest method of observation of wind is i)y ir-eiisation or by Estimation ol 
osliiimtion. Tliis is necessarily somewhat rough, as it must depend 
to a very great (‘xtent on the individual observer. Nevertheless, 
it is the only mode of oblainiug wiml oh^er\ation» at the nnvjority 
of stations, and with experience can yield very useful results. 

Sir F. Beaufort, when in command of II.M.S. Woolwich,” in 
1806, devised a scale from these estimations (given in the subjoined 
table), having relation to the pressure of the wind on tlic sails of a 
ship, which has since been very generally adopted, in lieu of the 
former classification of the respective grades of force by words 
such as Light Breeze,” &c. 

The scale of velocities added to the table has been determined 
in the Meteorological Office, but it must be considered as merely 
provisional.* It has been deduced from the indications of well- 
exposed anemometers on the coast during the prevalence of winds 
from the sea. It is hardly applicable to ordinary land stations, 
nor to those on the coast when the wind blows off the land, in 
which cases the velocity corresponding to a given force is much 

♦ The justification of the table will bo found in a paper contained in the Quar- 
terly Journal of the Meteorological Society, Vol. ii. p. 110, “An Attempt to et.to- 
bllsh a Relation between the Velocity of the Wind and its Force,” b} Robert H. 

Scott, F.R.S. 



Table of Beaufort's Scale of Wicd Force with equivalent Velocities and Pressures. 
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smaller, owing to the retardation of the general motion of the air Relation be- 
by the inequalities of the surface of the ground, while the force is tween velocity 
naturally estimated from that of the gusts. In fact, the steady pres- ^ 

sure of a wind at sea gives a higher velocity than the uneven force 
of the same wind on land. 

Ill all cases it must be remembered that the velocity being 
recorded as the number of miles of wind which have passed over 
the anemometer during a whole hour, that of an individual gust 
will often be llir higher, and that of a lull much less, than the 
figure here given. 

It is quite obvious that the nautical part of this table is all but 
unintelligible to a landsman, but still it is advisable to give it, as 
it seems to stand a better chance of general adoption than any 
othei’ scale. 

The equi^'aIent velocities according to the metric scale, /.c., in 
metres per second, are of course obtained by multiplying the 
figures in the third column by the factor 0*447, 

The pressure in pounds on the square foot are calculated on 
the formula, P = 0*005 V‘^, given by Sir II. James in his 
" Instructions for taking Meteorological Observations,” p. 32. 

Since Admiral Beaufort’s time there has been a great change in 
the rig of merchant ships owing to the introduction of double topsail 
yards ; it therefore seems desirable to add to Beaufort’s scale a 
statement of the amount of sail which his ship would have been 
able to cany, had she been rigged with double topsail yards. The 
change would only aflfect forces 6, 7, 8, 9, and 10, which would 
then read as follows : 

Force 6. Top-gallant sails. 

„ 7. Topsails, jib, &c. 

„ 8. Beefed upper topsails and courses. 

„ 9. Lower topsails and courses. 

„ 10. Lower maiiitopsail and reefed foresail. 

As regards the Direction of the wind it is hardly necessary to Reduction of 
observe that this should always be given according to true and not 
to compass hearings. The amount of Variation of the compass in 
th(i British Isles teing, roughly speaking, two points to the west- 
ward, we get the following table for the conversion of directions ^ 
observed by compass in the United Kingdom to approximate true 
bearings. 
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ATMOSP^EEIC ELECTRICITY. 

Although oh'^orvations on Atmospheric Electricity arc not called 
for from ordinary ohservers, it may not bo amiss to give some 
notes on tlic Mibjcct in order to direct more attention to it than it 
has hitherto obtained. 

The occurrence of Lightning and Thunderstorms should be noted 
in the ‘‘Remarks” column, as directed at p. 72 ; but in addition 
to tliese indications of great electrical disturbance taking place 
ill the atmosphere, it is desirable that observations should be made 
upon the electricity existing in the air under ordinary circum- 
stances, so as to determine, firstly, whether it is positive or 
negative, and, secondly, what is its intensity. 

Electroscopes. — The simplest instruments of this, nature, 
viz., the Gold Leaf, Bennett’s and Bohnenbergers, arc sufficient 
to show the nature of the electricity present in the air, hut it is 
always found that very little electricity can be observed near the 
ground, and in order to obtain satisfactory indications, the con- 
ductor of the electroscope should be brought into contact with 
the air at some distance from the earth’s surface, by means of a 
collector. 

Collectors. — A simple rough method of doing this is to 
shoot a metallic arrow upwards into the air, tlic arrow being 
tiod to one (md of a coiuluetirig string, the lower end of which 
carries a ring which rests upon the electroseojic. The arrow 
being shot upw^ards, tlie electroscope will be found to be elec- 
trified, as it mounts; and when the ring leaves the jdate, the 
instrument will indicate the state of electrification of the air at 
that point wheie the arrow^ is at the time. 

This manner of observing is simplified by substituting a long 
conductor reaching upwards ; a gilded fisliing rod may be em- 
ployed, its lower extremity being insulated. 

The usual method employed, however, is Volta’s, in which the 
electricity is collected by means of a flame, burning at a height, 
either in a lantern hung to a mast, and connected to the electro- 
scope by a wire, or, by a slow burning match, attached to the top 
of a long metal rod. 

The electricity of the air, in the neighbourhood of the flame, 
by its inductive action upon the conductor, causes electricity of the 
opposite nature to accumulate at the upper extremity, where it is 
constantly carried off by the convection cui rents in the flame, 
leaving the conductor charged with electricity of the same kind 
and potential as the air. 

The principle of Volta’s method has been made use of by Sir 
W. Thomson in his water-dropping collector, now employed in 
observatories, and found to l>e extremely suitable for the ol^erva- 



tion of atmospheric electricity, in connection with his electro- Collection of 

meter. , , . 

A copper can is placed on an insulating support, which may be of 
ebonite, having the surface thinly coated with paraffin ; or of glass, 
surrounded with pumice stone impregnated with sulphuric acid. 

From the can a small pi[)e projects a considerable distance into 
the air, and terminates in a fine jet. The can being filled with 
water, and the tap which opens into the jet turned on, a small stream 
of water is allowed to flow out, care being taken that it is so small 
that it shall break into drops immediately after leaving the nozzle 
of the tube. 

In half a minute from the starting of the stream, the can wiU 
be found to be electrified to the same extent as the air at the 
point of the tube. 

This collector cannot be employed during the time of frost, 
owing to the freezing of the water in the jet pipe. At such times 
therefore, and when observations arc to be made with a portable 
instrument, a slow burning match should be used. Sir W. 

Thomson recommends for this pur[)ose blotting paper, steeped in 
a solution of nitrate of lead, dried, and rolled into matches. 

Position of Collector.— Since electrical density is greater 
on projecting surfaces, and less on hollow surfaces, than on planes, 
the collector should not be near trees, or houses, nor within a 
closed space. 

Electrometer. — This instrument, designed by Sir W. 

Thomson, is of two kinds : 

1st. The Quadrant, or modified Divided-King Electrometer, 
for observatory use. 

2nd. The Portable Electrometer, 

1st. Quadrant Electrometer.— This consists of a needle Quadrant 
of thin sheet-aluminium, cut so as to resemble in form a figure 
8 with the hollows filled in, carrying above it a small light mirror, 
weighing only a fraction of a grain. This is suspended from its 
centre by two fine silk threads, the distance between which can 
be varied at will. 

The needle swings horizontally inside a shallow cylindrical brass 
box, which is cut into four (juadrants, each insulated separately by 
glass supports, but connected alternately by thin wires. 

Each pair of quadrants is also connected to a stiff wire passing 
through the case of the instrument, to form the two electrodes, or 
terminals, for the attachment of the collecting and earth wires. 

The base of the electrometer contains a Leyden jar, partially 
filled with strong sulphuric acid, and a platinum wire, hung from 
the lower surface of the needle, is made to dip into the acid. 

A lamp and a divided scale are placed about a yard in front of 
the instrument, and the light shining through an aperture in the 
frame of the scale, is reflected by the mirror on the scale, where 
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the position of the image of a wire stretched across the hole can be 
accurately observed. 

If th(‘ electrometer be used as a self-recording instrument, a 
drum carrying photograjdiic paper, and maintained in rotation at a 
uniform i*ate by a train of clockwork, is substituted for the divided 
scale, and the aperture reducc^d so as to form a mere dot of light on 
the cylinder. 

In order to make use of the instrument, the needle must be 
charged with electricity ; this is done by bi-inging a small electro- 
phorus, which has been pre^ iously well rubbed, into contact with a 
wire (charging electrode), dij)piug into the sulphuric acid at the 
bottom of the Leyden jar. 

One of the electrodes connected with the segments is then 
joined bv means of a wun* to the water-droj)piug collector, and the 
other placed in communication wdth the earth through a wire 
attached to a gas pipe, or similar conductor. It will then be 
found that the electrometer needle will be deflected either towards 
th(‘ one side or the other, according as th(‘ electricity of the at- 
mo‘'phere is of the nature to repel or attract it, and the extent 
ot repulsion, as measured on the scale, is proportional to the amount 
of difference of potential between the atmospheric and terrestrial 
electricities. 

As the dolieacy of the instrument is also affected by the extent 
to which the needle is charged, it is necessary tliat this charge 
should alw^ays remain constant. Although tlie sulphuric acid, by 
drying the air in the interior of the instrument, pre\ents the rapid 
loftS of the charge, y‘t with the best jars a flight per-centag<' 
escapes ev(‘ry day, and to restore this lo^s, an auxiliary ap])aratus 
for the generation of elcctricirt, termed a replemsher, is fix<‘(l 
inside the ca^^c, b> turning wdiich the charge can be n^stored to 
its original potential. Tliis is indicated by a small gaug(» fixed to 
the top of the instrument. 

The Gauge. — The gauge is a liglit lev(‘r mad(‘ of thin 
aluminium, one end of which is widened out, so as to form a 
surface of aLmt a square centimetre in area ; tlic other end 
carries ar index, moving in front of a small scale. TIic plate 
forming the extended end of the lever is repelled by another 
plate, similarly electriljed, fixed to the top of the instrument, 
which, being in metallic connection with the sulphuric acid of 
tin* Lejden jar, is charged to the same ])Otcntial as the indi- 
cating needle. 

The position of tlu* index, when the clecti’ometer is properly 
charged, being therefore once dcterrain(‘d, it is csisy, by giving a 
few turns to tlu* replenisher at any time, to bring the potential of 
the charge of the instrument iij) to its original value. 

Under ordinary circumstances it is found desirable to perform 
the replenishing operation at least once daily. 


The scale of the Instrument.— Tlie scale value of each 
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instrument must be experimentally determined, and should any 
change be made in the electrometer itself, either by replacing 
the Sireads which suspend the needle and mirror, altering their 
distance apart, or varying the adjustment of tlie gauge, a re- 
determination of the scale value must be made. 

In order to perform this operation a galvanic battery is needed ; 
one of constant intensity should be used. Sir W. Thomson recom- 
mends Danielles. The battery being charged and placed on an 
insulating support, the wire leading from the water-dropping col- 
lector is disconnected, and a wire from one terminal of the battery 
attached to the electrode of the instrument. The amount of 
deflection of the needle is then observed upon the scale, and noted. 
Contact is again broken, the electrode joined to the earth wire, 
and the scale read. 

By repeating these observations several time.'*, and varying the 
number of cells forming the battery, the value of the divisions of 
the scale can be determined. 

Knowing the (dcctric motive force of the coll employed, the 
indications of the electrometer scale may be converted into terms 
of the absolute unit of force or volts.*’ 

Portable Electrometer. — The portable electrometer is a 
small instrument contained in a cylindrical brass case, 3*3 inches 
in diameter, 5 inches in height. It consists of a small glass 
Leyden jar, in the interior of which a gauge is placed, similar in 
construction to th(‘ one already described, as fixed to the quadrant 
electrometer, but inverted. The tinfoil is removed from both 
surfaces of the glass opposite to the index, in order to jiermit of 
its being viewed through the aperture ; but in order to injiintain 
the electrical potential uniform, a doulde screen of thin wire fences 
is introduced between the index on the lever and the glass 
through which it is observed. 

The jdate or disc opposed to tin* extended end of the indicating 
lever is attached to an extremely delicate aud accurately con- 
structed screw, by whicli it can be raised and lower(‘d with the 
utmost nicety, and so lirought nearer to, or removed further from, 
the lever. The distance through which it is moved is measured 
with the greatest exactitude by means of an index attached to the 
screw, which moves over a scale and shows the number of com- 
plete rotations, whilst a divided circle fixed to the axis indicates 
the parts of a turn. 

An insulating medium is interposed between the disc and its 
elevating screw, so that the electrical condition of the former is 
not affected by the observer touching the screw. 

A wire from the disc places it iu connection with an electrode 
projecting through the cover of the instrument, the aperture being 
properly protected against the entry of wind or rain, and this 
electrode, when the instruimmt is in use, carries a burning match 
collector, as described on page 61. 

Pumice stone saturated with sulphuric acid is placed in leaden 
trays in the interior of the instrument for the purpose of drying 


Scale of Elec 
troraeter. 


Portable Kb 
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able Elec* the contained air, and it is necessary to remove it frequently, as 
leter, becoinos hydrated, and supply fresh. 

In order to use the portable electrometer it must first be 
charged; this is done by means of a small electrophorus, a 
charging rod being let down for the occasion through a hole in 
its roof. This charge should be negative. 

The amount through which the disc must be moved to bring 
the lever index to its proper position after charging, is read by 
means of the scale and micrometer screw. 

The charging rod removed, and the chief electrode connected 
with the outer case of the instrument, which itself is in connection 
with the earth ; either through the observer, in whose hands it is 
hcivl, or by a wire ; if the index is again brought to zero, it is 
placed on an insulating support, and another reading of tht‘ scale 
mad(‘. The chief electrode is again insulated, then the collectoi* 
put on and the match lighted. After a short time the indt x is 
again obseiwed, and the disc moved until it is brought into its 
normal position, when th(‘ micrometer and scale are read. 

In order to determine the scale valu(‘ of the instrument, a 
battery must be employed as described above, p. 63. 

Peltier’s Electrometer.— xinother i'orm of instnuneiil 
which is very highly recommended is Peltier’s electrometer, which 
has been used for more than 30 y(‘ars at Brussels by the lat(‘ 
M. Quetelet, and for upwards of 20 years at Utrecht. The 
instrument is described iu the Annuaire MMorologique de France, 
1850, p. 181, and in the report of the British Association, 1849, 
Tmnsactions of Sections, p. 11. 


OZONE. 

The subject of Ozone is frequently mentioned as one deserving 
of notice at meteorological stations, but up to the prestmt time it 
He(Mus advisable to abide by the opinion (‘xpressed hy the Vienna 
Congress; — 

'11m‘ existing methods of detennining the amount ol’ ozone' in 
the atmosphere* are insufficient, and the Congr(*8s th(*refore recoui- 
nu'iuls investigations for the discovery of better methods.” 
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CLOUDS. 

Wo have hitherto spoken of the several observations which 
demand the use of instruments for their registration, but there is 
an extensive class of phenomena which cannot be recorded in- 
strumentally, but of which it is liecessary to take careful notice 
owing to their importance as indicating changes which are in 
progress in the atmosphere. Of these without doubt the most 
important are Clouds. 

The following explanation of the different forms of cloud 
represented on the accompanying Plate has been prepared princi- 
pally from the works of Luke Howard, whose definitions are 
given in inverted commas at th(i beginning of each description : — 

UPPER CLOUDS. 

Tlie clouds b(‘longlng to this class are considered, on good Upper cloiw 
grounds', to b(‘ frequently compos(»d of particles of ice, inasmuch 
ns tlic phenomena of lialos, &c. arc produced by thorn, and these 
enn only b(‘ (‘xplaincd by the refraction of the rays of light through 
i('e cry^tab. 

Fig. 1. Cirrus (cir.). “Parallel, flexuous, or di\crging fibres, 

“ extensible by increase in any or in all directions.^’ 

This is the very lofty cloud which looks like hair, thread, or 
feathers, and, when cuined in form, is often called ‘ Mare s tails.' 

It frequently moveh in a direction differing from that of the wind 
at the earth’s surface, but its motion often appears to b(‘ so slow 
that it is ^cry difficult to ascertain it correctly without watching 
lor a very consid(‘rablc lim(‘ so as to mark its motion over some 
fjed object, but the importance of the observation makes it very 
desirable that special attention should be devoted to it. 

Anything peculiar in the shape of drrm clouds should be noted, 
as well as the point from whence they radiate, and the relation 
between their longitudinal extension and the direction in which they 
arc m()\ing. It should also be noted if they arc more developed in 
one part of the sky than in another. 

Fig. 2. Cirro-cumulus (cir.-c.*). “ Small, well-defined round- 
“ ish masses in close horizontal arrangement or contact." 

This is also a high cloud, though usually at a lower level than 
the virrna. It differs from the cirrus in being more globular 
in form, as it consists generally ol* small detached rounded masses, 
like a flock of sheep lying down, or like the markings on a 
mackerel, whence the name “ Mackerel sky." It is sometimes 
softer than those slunvn in Fig. 2, and when seen at lower levels 
it may be difficult to distinguish these clouds from small cumuli In 
such cases the fact should be noticed in the “ Remarks ” column. 

NoTE.—The second part of the contraction has been reduced to one letter, 
because it is found that in practice the hyphen has frequently been left out, so that 
cir.-cuin. was understood as c/rnw and cumulus iu<»tead of cirro-cumulus* Tliis error 
has been common to all the contractions. 

A 19775. K 
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clouds. 


Fig. 3. Cirro-stratus (Cir.-B.). Horizontal or slightly in- 
“ (’lined inaHSCs, jittenuatcd towards a part or the whole of their 
" circumference, bent downward or undulated ; scj)arate, or in 

groups consisting of small clouds having these charaeters.” 

This cloud is usually generated by increased condensation on 
the cirnis already formed, which conBe(j[uently sinks to a lower 
level. 

The first [uirt of llowarJ^s definition seems to be well repre- 
sented by the u]>pcr ])ortion of Fig. 3, in which the clouds are 
like sheets thinning out at tlunr edges, while the latter part is 
clearly shown by the small light-coloured clouds at the bottom of 
the figure. 

When bad weather is approaching the cloud increases in com- 
pactness and density and sinks to a lower level, at times entirely 
intercc’pting the direct rays of the sun or moon and presenting th<^ 
appearance of a uniform sheet overspreading the sky. 

Such uniform slu’Cts* have generally been classed as cirro- 
stratus^ but the obs(Tver should enter a special iiot(’ of their occur- 
rence in the ‘‘Remark” column, so that there shall be no risk of 
confusion betwecui this appearance and that of the true cirro- 
stratus, This is the more necessary inasmuch as wlu n the cloud 
sinks to a yet lower and lower h’vel, it assumes more and more the 
character of the lower stratum, becoming a vapour cloud instead 
of an ice cloud. 

Anything pe(*uliar in the appearance of the cloud bhould be 
noted S})ecially, as “ cir.-s. high and hard,’" or “ cir.-s. low and 
soft.” Clouds are seen at all levels between the highest cirrus 
and the lowest stratus^ so that it is often difficult to determine 
whether a particular sheet or layer of cloud belongs to the uj)j)er 
or the lower syst(‘m. In such cases the ()bser\er will be greatly 
assisted l)y remembering how the clouds luue become foi*in(*d, 
whether l)y the gradual subsidence of the highest forms, or by the 
ascent of the lower clouds. 

LOWER CLOUDS. 

The clouds belonging to this class nvo UMially composed of 
jiarticles of condensed vapour, /.c., of water, uot of ice. When 
they are interposed betweem the earth and the sun or moon, they 
dim or intercept the light entirely, without giving rise to halos 
or coronfo. 

Fig. 4. Stratus (Str.). “ A widely extonded continuous hori- 
“ zontal sheet, increasing from below upward.” 

This is a sheet or layer of cloud, of uniform thickness generally. 
It has but little variety of light and shade, and belongs C'^sen- 
tially to the lower regions of the atmosphere, so much so that 
Howai-d speaks of it as “Ground Fog,” the cloudy formation 
which spreads over low grounds in the evening, and disappears as 
soon as the temperature rises in the morning. 


The Fallium ” of Poey. 
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The stratus is fjcncrally a fine weather cloud appearing during Lower clouds, 
the nighta and mornings oi’ the brightest days. At times it over- 
spreads the whole sky in the form of a low, gloomy, foggy canopy, 
the atmosphere at the hainc time being more or less foggy under 
it. All low detached clouds, which look like a piece of lifted fog, 
and are not in any way consolidated into a definite form, are strati, 
and may be called detached ” stratus. 

Figs. 5 and 6. Cuinulus (Cum.). Convex or conical heaps 
increasing upward from a horizontal base.” 

This class of clouds comprises all those of the lower stratum 
which have a globular or rounded form, from the small white cloud 
represented in Fig. 5, to the heavy mass represented in Fig. G, 
which is almost a nimalo-stratus. The eurnutm sometimes takes a 
cylindrical shape, forming itsedf into long horizontal rolls, between 
which gleams of light are seem, but which are often so closely 
packed as to hide the blue sky. These are called by us Roll- 
CN null us {Roll-c,), Sir Fig. 5.* 

Fig. 7. Cumulo-Stratus (Cum.-s.), The ‘ cirro-stratus’ 
bhuided with the ^ ciiiiiulus,’ and either appearing intermixed 
with the lieaj)h of the latter, or super addimj a wide-spread struc- 
tare to its base,’' 

This is the cumulus as it were changing into a nimbus. It is 
(lark and flat at ith ))asc, and is traversed by horizontal lines of 
dark cloud. 

Fig. 8. Nimbus (Nim.). The rain cloud. A cloud or system 
of clouds from which rain is falling. It is a horizontal sheet 
above which the ^cirrus ’ spreads while the ^ cumulus’ enters it 
laterally and from bcu(‘ath.” 

This is a raiu-cloud. Whilst on the horizon, or as it advances 
towards the ol)^er\cr, its front frecpieiitly presents a marked out- 
liii(‘ like that of a very heavy cumulo-stratus with rain falling from 
it, and with some cirrus above, so that Howard has called it the 
cumulo-cirro-stratus, AVlien it has overs^iread the whole sky, it is 
Usually so mixed u[) with or concealed by the falling rain that it 
generally assumes a uniform dark aj)pearaiico. 

Fig. H represents a Nimbus before it has overspread tlie sky ; 
there are also smaller clouds of the same kind which only produce 
a passing shower. They are easily distinguislicd by the fact that 
rain or snow, &e. is lalliug IVom them. 

Inasmuch, liowever, as rain, &c. may fall from clouds of various 
shapes, anything peculiar in the form, height, &c. of the nimbus 
should be mentioned in the Remarks.” 

Scud is a term used to indicate loosely formed, detached clouds 
drifting rapidly before the wind. These may be either at a high 
or low level ; in tlic former case they probably lielong to the cirro- 
stratus or cirro-cumulus, in the latter to stratus, but the word scud 
simply implies that they are fragments of cloud in rapid motion. 


* Tliis variety of cumulus is an addition to HowariVs uomeuclutuio. It has been 
inserted owing to the fretjueucy of this appearance at sea. It is uunecessaiy to 
obscrv(j that the effect is simply one of perspective. 

B 2 
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It is believed that the foregoing description is sufficient to 
explain the ordinary forms of clouds, but the appearances are 
much intermixed. Thus, before rain we often see a dirty back- 
ground of cirro-stratusy over which black patches of cirro-cumulus 
are travelling. Such combinations, when seen, should be carefully 
noted. 

The direction from which all clouds, especially upper clouds, 
come is very important, and should be recorded, whether they are 
moving with the wind or not. The relative motion of some 
clouds past others, or past any moveable object, is so deceptive 
that it should never be recorded. If the upper clouds move 
qui(‘kly, a remark sliould be made to that effect. 

It is particularly requested that the contractions Cir.^ C/r.-c., 
Clr,‘S.y Str.y Cnm.y iV?w., given on the plates, be used in 

the entries, as any other contractions are likely to mislead. 

Amount of Cloud* — The scale for the amount of cloud is 
that of 0 Blue Sky,’’ 10 ‘^Entirely overcast.” 

The following are tlie resolutions as regards Clouds adopted at 
Vienna:— 

1. ‘^Entries as to the extension of clouds on the visible sky 
according to the scale 0-10 are to be made without reference to 
the thickness of the cloud. The latter is to be indicat(*d by an 
exponent ap[)licd to the figure for the Amount of Cloud (0 slight, 
2 great). 

2. As to the Forms of Cloud, or ratlier classes of cloud, the 
matters most urgently desired are more thorough obscTvations and 
more accurate drawings, which will correspond to the \arietv of 
clouds which are in n^ality obser\ed, as tioiie of the systems wliich 
have as yet Ix^en proposed, e.//., that of Poey, are of su(’h a nature 
that they can at once be recommended for g(*ncral ado])tion, 

pres(‘nt it is recommended to add to llowird’s 
designations, and their combinations, ej)ithcts ns charact(‘ristic as 
})os^ible, according to the choice of the indi^idual observer, in 
order to cxpr(*ss tlie actual ap])earancc as (‘learly as possible. 

4. ord(*r to facilitate a correct understanding and designa- 
tion of the clouds, it is rccoinmciid(*d : — 

{o.) That central ofliices should prepare, as compli‘teIy as 
possible, lists and characteristics of the forms of cloud 
which occur in their districts. 

(i.) " That on the part of the Congress the prej)aratioii of 
sketches of the principal Forms of Cloud be set on foot, 
which should be added to the Instructions for the 
Observers. 

(c.) That the study of the connexion between the form, con- 
stitution, and origin of the clouds be undertaken and 
supported, special attention being paid to the circum- 
stance that one and the same mass of cloud presents a 
different appearance when seen from different sides or 
under different angles.” 

o 
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WEATHEB. 


Under the head of Weather Observations are classified the Weather 
various appearances which for the most part indicate modifications observations, 
in the condition of the aqueous vapour in the atmosphere, and 
which are therefore known in some countries under the generic 
term of llydrometeors.” 

In this country a system of notation devised by Admiral 
Beaufort has been in use for many years, but as these phenomena 
must l)e noted by each observer in the ordinaiy language of 
his country, the Vienna Congress decided that it was advisable 
to employ for the recording of such observations, symbols, 
which should be independent of any language, inasmuch as if, as 
in the Beaufort notation' for weather, we, for our own conve- 
nience, cnij)lov for the most part the initial letters of the English 
names of the phenomena, we should find great difficulty in recog- 
nising the same phenomena when described, ejj,, in Kussian. 

These symbols have been introduced into the form given in 
App. II. because it is advisabh' to use in the original schedules of 
obscr^'ation the same symbols as are employed in the printed 
tables, at least for entry in the Kemarks” column. 

These symbols, wliicli were adopted at Vienna, are evidently 
better suited to continental climates than to those ol* these islands. 

However, before dealing uith th(‘in, A\e shall first give the Beau- 
fort notation, with tlic corresponding sjinbols, wherever such 
exist, and then a list of the symbols which are not represented in 
the Beaufort notation. 


Beaufort Notatiou with correspoudhuj ftt/rniwlit. 


1) = blue sky: whether with clear or hazy atmosphere, 
c = cloudy, but d(*taclied opeuing clouds, 
d = drizzling rain, 
f = foggy, ^ 
g = dark gloomy weather, 
h = hail, 

1 = lightning 

m = misty hazy atmosphere, ^ or oo 

0 = overcast, the whole sky being covered with an impervious 
cloud. 

p = passing temporary showers, 
q = squally. 

r r= rain, continued rain, # 
s = snow, ^ 
t 3= thunder T» 
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u = ugly/’ threatening appearance of the weather. 

V = visibility ” of distant objects, whether tlie sky be cloudy 
or not. 
w = dew,* 

In Beaufort’s system, a bar or a dot under a letter denoted 
intensity. 


Symbols not included in the Beaufort Notation, 


Thunderstorm “ 

Strong Wind 

/ 

Soft Hail Graiipcl ”)t A 

Solar Corona 

© 

Hoar Frost - - i — i 

„ Halo 

o 

Silver-thaw Rauh-frost ”t 

Lunar Corona 

07 

‘^Duft’') - - V 

„ Halo . 


Glazed Frost Glatleis ”)t ^ 

Rainbow - - - 

--- 

Snow' Drift - - rit 

j Aurora - - - 


Ice Crystals - • — ^ 

Dust-haze Ilbhcn-rauch 

”)t cx, 


In these symbols intensity i> to 1)C iiidieat(‘d by the exponents 
0 and 2 attached to tlie symbols, thus, 

means slight snow, -X-“ heavy sjiow. 

We shall take these jdionoim^na in oi*der as they appear above, 
noting only those which call for remark. 

Tlie first that calls for notice is Foy. This is only to be entered 
when the observer is entirely suiToundod by it. It will b(‘ seen 
that the same symliol is used for Fog and Mist. 

Hail , — The symliol is a shaded triangle It is to be entered 
whenever the stones are liard, no matter what their size may lie. 
lu this it seems advisable to difler from the practice recommended 
at Vienna — which is to enter ‘‘ Hail ” only when the stones arc 
large enough to do damage to agricultural products — inasmuch as 
Hail Insurance is not so common in these islands as on the 
contin^^nt. 

Lightning. — Thf* symbol represents a flash of forked lightning. 
It is to be employed for sheet lightning, as well as for other 
forms. If thunder is heard with the lightning, the symbol for 
thunderstorm is to be employed. 

Mist^ Haze. — The symbol for Mist is the same as for Fog. For 
Haze, that for Dust haze ” should be employ ('d. 

It may here be remarked that it seems a decided defect in the 
Beaufort Notation to designate by the same initial letter two such 
different phenom<*na as ‘^mist” and ^^haze.” 

Jtain . — The symbol is a black circle. It seems hardly necessary 
to employ this symbol in these islands, owing to the comparative 

♦ In the orifonal notation given hy Adrainil Beaufort, the letter “ w ” iiidicotod 
wet, d<'w/* but it han been found that “ wet” has been used to indicate wei weather 
instead of a deposition of moisture troin a fog. 

f German expreshions. 
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rarity of either Snow or Hail, so that any water measured in the Weather 
rain gauge may be set down as Rain unless the symbol for either observations, 
of the other forms of precipitation is employed. 

Snow* — The symbol is a six-pointed star, a common form of 
snow crystals. Water crystallizes in what is termed the hexagonal 
system, and snow flakes when examined show a most exquisite 
geometrical structure, the separate spiculae being arranged so as 
to intersect each other at angles of 60° or 120°. 

No h) mbol is given for Sleet,” mixed ‘^now and rain, in fiict 
this seems to be a phenomenon specially characteristic of northern 
and insular climates. It is recognized in Norway and Denmark 
under the name of ShuL^^ In Germany under that of 

Schlacken'^ The French term Gr/stJ,'' which is usually con- 
sidered equivalent to “ Sleet,” really indicates Soft Hail.” 

TJunahr . — No symliol for this was given at Vienna, as it was 
eonsiden'd that the lightning ^^llich accompanied it must have been 
^vithiu tli(‘ range of ^iMoii of the obscr\er A\ho heard the thunder, 
although unnoticed by him, so that ai'cordingl^ Thiuuh'r was 
ahNaystobeenten'd a^ Thunderstoim. The Metcoiological Office 
h''we\er use^ the symbol “if, 

J)(W* — Tilis is to be noted, the symbol being a representation 
of a dro}> of dew. 

Thvridd'Uoim* — The symbol is K, being a combination of the 
symbols for thunder and for lightning. 

In entering in the register the number ol thunderstorms in a 
month, the days ’s\hen Sh(‘et Lightning only is observed arc to be 
noted ‘'jx'cially. 

'Jlic direction of‘ motion of thunderstorms should be carefully 
noted and entered in the Remarks ” column. 

Soft Gravpcl!^ (6'^// in Fjcneli.) — This is a kind of 

bail \ery common on the (\mtinent, and frequently seen in these 
islands in cold weather during spring The stones are small and 
soft, like litth' s]iow pellets, without any crystalline stmeture. 

The symbol is a triangh* unshaded. 

Silver Thaw is tb(‘ phenomenon of a large quantity of frozen 
moisture on trees ^vheii the weather suddenh Ix^comes warm after 
gi*(‘at (‘old. Tills occasionally takes place to such an extent that 
bran(‘hes are broken off the tr(*es 

Glazed This is the phenomenon of a frost setting in 

aft(‘r a partial tbaw% when the gi’ound and most objects are co\ered 
witli i(‘e. 

Snow Drift — This phenomenon hardly requires a symbol. 

Ice Crydals. — These occasionally fall in winter. They are 
distinguished from hail by their shape and size. The symbol is 
an arrow unfeathered. 

Strong Wind, — The symbol is that employed by the Meteoro- 
logical Office in its working Charts. It is convenient to make 
the number of the feathers indicate the degrees of Beaufort 
scale. 



72 


CorofKB and Halos are circles which appear round the sun and 
moon. 

Coronas are small circles exhibiting the prismatic colours, the 
red being outside, the violet inside ; when two or more are seen 
at once, the diameter of the seexmd is double that of the first, of 
the third, triple. But the diameter of the' interior ex)rona (the 
unit of the scale) is not always the same, varying from 2^ to 4®.”* 
They arise from th(* inteTference of rays passing through a mass of 
minute globules of water, and accordingly they are seen whenever* 
light clouds ])ass between us and the moon, and their appearance 
is so common as scarcely to call for remark. The reason why 
corona? ai-e seldom seen round the sun, is the dazzling brightness 
of that luminary. If its light be enfc(4)led by rt'fleetion in water 
or by a coloured glass they are oftcui visible^” 

Halos. — These are large (*ircles of definite and constant 
diamet(Ts, one of 45^, the other of 92'’, and w'hich are seldom 
both seen together. Tlu* (Colours are very feeble, esjiecially of 
“ the larger, which is usually almost or quite wliite.’^ The 
larger is very uncommon. Where they exhibit prismatic colours, 
which is rarely the case, the red is inside. They arise from tlu? 
existence of minute prisms of ice in the atmosphere, and consist of 
refracted light. 

Sometimes the halo is intensified into two bright spots, one 
on each side of the central luminary. These* arc called Parhelia 
or ParaseletKB (mock suns or mock moons). 

At times the phenomima are (wen more complicated, and other 
circles, arcs, and lines are observed, usually intersecting the 
primary halo symmetrically. At the intersections these multiple 
images ajqiear. Tliesc lines and arc^ probably form parts oi‘ circles 
of 90^, and 180° diameter. 

These apjiearances are exceedingly rare except in high latitudes, 
and the evidence of observers who have been so fortunate iis to 
see them is somewhat conflicting, so that the explanation of the 
phenomena is rendered more difficult. 

An observer, therefore, .should never fail in such cases to draw 
carefully what he sees at the time. 

Rainbow. — It seems unnecessary to give a symbol for a pheno- 
menon of such common occurrence and so transient. 

Aurora. — When the aurora is fully developed it consists of a 
blight arch, usually appearing in the north, with streamers emanat- 
ing from it, which are parallel to the dipping needle. Under the 
arch the dark sky is seen which is sometimes called the dark seg- 
ment of the aurora. The arch is somewhat of the nature of a 
sheet or curtain of light, and it moves from the magnetic” 
northern horizon towards the south. At times a succession of 
arches are seen, as many as nine having been counted at one time 
by an observer in north of Norway. 


* The quotations are from Ilerschers Meteorology. 
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The Btreamers flash in rapid pulsations, and sometimes extend Weather 
beyond the Zenith, when they form a closed curve or canopy of o^bcrvation^. 
light, around a point in the heavens indicated by the direction of 
the dipping needle, which is therefore situated to the houth of the 
Zenith. This ap{>earance is tenncd the corona” of the aurora. 

The colour is usually white, but occasionally red, green, and 
other colours are noticed. 

A \ery interesting paper by the Re\ Jas. Farquharson on 
auroral observations in these islands will be found in the Philoso- 
phical Transactions, 1829, |). 103. 

The symbol is an arc and chord witli three rays. In case of 
specially fine auroral manifestations the ob8(‘rver is rerpiested to 
send uj) a f*ull(*r notice, c.^., in the sj)ace at the foot of the form or 
on its back. 

Dust-'Uazey^^ HolienrauclC — This is a peculiar obscuration of 
the atmosphere which sometimes appeals in summer. It is far 
more common on the (Vuitinent than with us Its origin is not 
quite understood. At times it has been trained to extensive fires 
on the moors or in the forests of Northern Europe. 
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HOURS OF OBSERVATION. 


Tlicre is hnrdly any point which is more difficnJt to settle than 
that of the iiiO'^t suitable hours for meteorological observations, 
inasmuch as those which will give good results in one climate, will 
he ill adapted to meet the requirements of another. In all cases, 
it will he rememhered, it is temperature to which the observations 
in the first instance refer. 

The moan temperature which is generally assumed as correct 
for a day is that of the 24 hourly observations, and continuous 
records are not usually tabulated to greater minuteness than that 
indicated. Such fro(juent observations however entail an amount 
of labour which cannot be attempted excc[)t at a first class Obser- 
vatory. Speaking gt'iuTally, two obv^ervations a day are the least 
number which can be re(‘ognised as sufficient fin* a station of the 
se(‘ond order, and it is desirable, if possible, to ha\ e three observations 
or more, at regular intervals, during the 24 hours. It is, however, 
very difficult to ensure the regularity of night obser^ at ions, and 
on the A\holo it ha^^ been decided by the Vienna Congress to con- 
sider the following combinations of hours (local time) as admissible. 


h h. h, ' h. h. h. 
r» \.M'J VM lurjr 8 vm 2 pm 8 i*m ] Mith 

7 „ 2 10 „ I i) „ a 0 „ tminimmii 

7 „ 1 ,1 10 „ 4 „ 10 „ J tompiTaturc. 

7 „ 2 „ I 


h h. 

8 AM 8 PM 1 with maxiTimni 

9 „ 9 „ y and iniiiinnim 
10 „ 10 „ J tt*ni])eratiire. 


The method of treating most of these combinations so as to 
give the daily mean, and the corrections to be applied to smdi 
daily mean for some of the principal observatories, in order to 
obtain the true daily mean, will be found in the best text books of 
met(‘orology. 

In the Phil. Trans, for 1848, Mr. (xlaiRher gives corrections for 
daily range for Greenwich, and in the Menioires de I’Acaddmie 
Royale de iielgique, vol. xxxvi., M. Ernest Quetelct gives a very 
complete table of the corrections for vai-ious combinations of hours 
for Brussels. All such tables arc, however, in the first instance of 
local value, and the greatest caution is necessary in applying the 
results to observations taken at other stations and possibly under 
very different circumstances. 

The combination of J) juin. and 9 p.m. is that selected for the 
volunteer observers in the United Kingdom. 

The means of these observations do n(»t differ much from the 
true daily mean. 

In connection with the question of the determination of a correct 
mean for the 24 hours from any combination of a less number of 
hours, it may be n^marked that a common method of obtaining a 


* At the observatory of IfolsiogforH the observations were recorded at intervals of 
twenty minutes for the space of nearly nine years I 
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veiy nearly accurate mean for the is to take the average of the 
maximum and minimum readings for the day, but the resulting 
value is slightly too high. 

It is, however, obvious that for such a mean to be strictly correct 
for the 24 hours of the civil day, ending at midnight, the observa- 
tions of the extreme temperatures should be taken at the expiration 
of the interval, at midnight. This is evidently not possible at 
all stations, and hence a chance of error may arise. 

The, hitlierto, ordinary j)ractice of reading both instruments at 
9 may occasionally in winter give rise to error as regards an 
individual day, for at that season the diurnal march of temperature 
is often masked by the serious contrasts between the temperatures 
of the winds from the different points of the compass, so that to 
apply the extreme readings taken at 9 a.m. to ascertain the mean 
temperature for the day ending at the preceding midnight, must 
occasionally lead to error. 

Notwithstanding this objection, the mean of the maximum and 
minimum temperatures remains the simplest method of ascertaining 
the mean temperature, and the liability to error to which allusion 
has been made has been materially reduced by the practice, which 
is recommended by the Vienna (V)ngr(\ss, of reading the maximum 
and minimum thermometers at the latest ohserving hour of the 
day, so that the observations shall be taken as near midnight as is 
reasonably possible. 
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REMARKS TO OBSERVERS. 


NOTES ON FILLING UP THE FORM— Arr. IL 

Experience show.s tliat it is nc(»eswy, even at tlie risk of repe- 
tition, to say a few A\ords as to the method of observing, and to 
point out tiic kind of‘ errors to which observers are most liabh* in 
reading tlioir iiistriuiKMits. The necessity for punctuality has been 
already mentioned. 

In the following remarks a great many things will be included to 
A\hieh some ob.servers will not find leisure to attejid. But others 
may haAC more time; and in all cases it is ad\ isable that observers 
should be on the alert as to the special points A\hich arc of most 
importance to be noted. 

1. AVliile too much time sliould never be spent in setting and 
reading off the instruments, anything like hurry should be still 
more strongly discouraged. 

Let e>ery reading be entered in a rough book ” before leaving 
the instruments, and examined to see tliat it is recorded correctly. 
In filling u[) the form sec that all the necessary figures are written 
(dearly and jdaced in their jiroper positions. Never owit a figur(‘, 
not even tli(‘ last decimal place when it is a cypher. This instruction 
is necessary be<*ause some obscners >\ho generally read their 
barometer to three places of dec^imals, and their thermometers to 
tenths, will enter “ 29*44 ” instead of 29*440,'’ and 45° instead 
of 45° *0 ; then the figures may be placed a little out of jiosition, and 
in totalling arc liable to be inelud(*d in the wrong column. Let 
the whole numbers, too, be regularly entered. Jn filling uj) 
the ^'Wcariier” and ‘^Remarks” columns avoid large flourishes, 
in order that the letters and words may be caught by the computer 
without difficulty. 

2. With regard to the Barometer . — It is necessary that the 
height of the cistern the instrument (not merely of the ground on 
which the liouse containing the instrument stands) above the mean 
sea level should be accurately known. In applying the corrections 
for altitude, due allowance* must be made for the temperature of 
the outside air at the time of observation, and also for tlu* approxi- 
mate sea level pressure at the same time, ns variations in cither 
of these particulars make material alterations ns to the correction 
necessary whenever the altitude exceeds about 30 feet. 

Supposing, however, that the correction table is properly pre- 
pared, and the barometer truly hung, the first thing to be done in 
taking an observation is to read and enter the indication of the 
attached thermometer. 

Should the barometer be on Fortin's principle, let the utmost 
care be exercised that the mercury in the cistern be adjusted so as 
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to touch, but 07ily just touchy the zero point. Great care is necessary 
in order to do this well. Equal pains must be taken to ensure that 
(he plane of lower edges of the back and front of the vernier may 
form exactly a tangent to the convex surface of the column. 

Then in reading off, the principal errors to guard against are 
lliose of five tenths or five hundredtlis of an inch — so reading, say, 

29*345 for 29*845 or 29*284 for 29*234, or vice versd. See also 
that the tenths are properly counted ; *7 is often read as *8. 

3. Li reading fhennometers, do so as speedily as may be con- 
sistent with accuracy, and without breathing on the bulbs. Let 
both the maximum and minimum be read, and th(* i-eading entered 
and che(*ked before the instruments are touched for setting. See 
that the corrected minimum reading is not higher, nor the niaxi- 
mum lower, than any of the dry bulb readings taken during the 
day. Sliould such a discrepancy be discovered, spare no pains to 
ascertain here the eri’or has been made, and if possible rectify it, 
but do not make any forced entries in such cases, so that things 
may appeal* right which are really wrong or doubtful. It will be 
lar b(‘tter to call attention to the dw*repancy by a note, than in 
anyway to ‘‘cook” or tamper with a reading. In setting the 
maximum and minimum thermometer'^, see tliat tin* work done 
c()mpl(‘tely, so that they indicate the temperature at the time of 
setting. The maxlimnn ^liadc* tcMiiperature ordinarily occurs early 
in th(‘ afternoon, and the mininmm shortly before sunrise. When- 
ever it is noticed that these readings occ*ur at abnormal hours, add 
a not(‘ to that effect in the “ remarks ” for the day. See that the 
w(‘t bull) is moist and clean ; and should theobser\er he reading to 
whole dogrc'C'^ only {a very rouyh and an inadmissible practice for the 
hUjher class of stations) x-AVQCin'Gt\\\xiX\\Q difference between the 
dry and wet hull) readings is gnen to 1 lie nearest degree. The 
importance of this is evident on very little reflection. 

Dr}’. W i‘t. 

Thus 47*^ *4 45° *6 should not he entered by anyone reading 
to wdiolc degrees, as 47° I 46°, but as 47° | 45°, for there is 
1°*8 difference between the two, which is much nearer to 2*° 
than 1°. 

Should the water in the cistern of the wet bulb need replenisliing, 
l(‘t it be done immediately after an observation lias been made, and 
while doing so lot the muslin, worsted, and bulb be well washed. 

(It is well to keep the water wdiich is colle(‘ted in tlie rain gauge 
for this purpose*, as by that means the incrustation of carbonate 
of lime, &c., on the wet bulb is avoided, and the muslin, &c., need 
to bo changed less frequently.) 

4. In observing the windy take care that no mere lo(*al eddy is Ob^^ervations 
entered instead of the true current prevailing over the station ; 

and should any marked change take place during the interval 
between the* observations— such as a sudden gale or severe squall — 
note it carefully in the “ Ecmarks ” column. Should tlie direction 
have changed mucli, say from S.W. to N.E., note in which way the 
shift took place, !^th the direction and force may he best 
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estimated by noting the drift of smoke 1‘rom tall chimneys which 
are near the observer, or from chimneys in clear spaces. The 
indications of iineniometors j)laced on ordinary dwelling-houses, or 
in any |X)sition not carefnlUj selected, should be distrusted verif 
much. 

5. -Note the most prevalent forms. Should any ])arti(*u- 
lar form be massed in one part of the heavens more than in another, 
or should different strata b(‘ moving in different directions, or at 
eery diffenmt \elocities, let such faet.s be entered in the Kemarks ” 
column. When clouds ar(‘ increasing, try to discover whether it 
is merely that they arc rising from below the horizon, or that they 
ar(' bi'ing formed ^\jthin the sphere of obser\ation. If the latter 
be the case, add a note to that (effect. In the same manner, should 
clouds be disappearing by evaporation, let this l>e carefully noted. 
It will sometimes happen that when rtnnuli arc disappearing hy 
evaporation they become so thin that they appear almost like low 
cirri ; care will tluu’cfore b(‘ necessary not to enter the wrong 
name. Two uv more strata of clouds may be* rec'^orded by being 
entered with a line or lines drawn between their name‘>, thus : — 

eir 

Thin cum S.W. 

Heavy cum vS.W. fast. 

where three strata are shown, together with the dire(*tions whence 
they ar(‘ moving. 

6. Weather . — 'Fhe letters of the B(‘aufort notation are to Ik* 

used in the Weath(‘r columns, the symbols in tlu* Remarks eoliinm. 
There are three of the letters of the li(*aufort notation which reder 
to th<* amount of cloud, b. ” “ c. and o.” ; it is obvious that for 
aiiv observation at a definite hour only one of these letters is admis- 
sible, thus, the weather cannot possildy he b ’’ and at the .same* 
tiiiK*. In the (‘oluinns for the “ Weather since last observation,” 
it may be necessary to enter the weather for two or more inter- 
vals. When this is the ease, each period should he sci)arated 
by a comma; thus, “ b,c,op,g,” will show that the weather 
after being fine became ov(‘reast and showery, and afterwards 
glocnny, without rain. As the letter w^hen used alone*, 

means passing showers of rain,’' the letters ‘‘pr” should not 
be ns(*d together to signify showers of rain ; but ‘‘ps ” or ph 
mjiy he u-Hcd for “ showers of snow ” or " hail ”, as the case may lu*, 
ami [)hr ” will mean “ ‘^bowers of hail and rain,” &c. In noting 
Halos give the estimated length th(*ir radius in degrees, and say 
whether the ring or rings have prismaiie colours. liCf Aurora 3 be 
carefully noted, both as to the direction in whi(;h they are seen, 
the altitude to which they extend, duration, colours, and brilliancy. 

7. Rainfall — Supposing the gauge to he properly fixed and 
ex[)Osed, let the water be |)Oure<l steadily into the measuring 
glass, which must l)C standing on a perfectly level surface, so 
that none may be spilt, and enter the reading in the rough 
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book,” before the water is poured away. In entering the Hours of' 
Kain, let only that period be recorded during which rain was 
mitually falling, to the best of the obs(‘rver s knowledge. When 
the rainfall has been niuch heavier during one })art of a day than 
at others, let a note be added to that effect in the Remarks ” 
column. 

It is not pretended that every remark neciessary has been 
made above ; but sufficient is stated to show the natui*e of the 
matters to which the gi^eatest attention should be paid ; and it is, 
moreover, believed that observers, by careful attention to them, will 
catch some idea of the spirit of watchfulness for changes in the 
weather which should be manifested at a good station. 

In App. III. will be found the circular letter of questions ad- 
dressed to all obscu'vcrs at stations of the Second Order, in connec- 
tion with the Metcorolo^jlcal Office. 


NOTES ON THE OALCULATION OF 
MEAN RESULTS. 

Wlien summing the various columns iu order to obtain the Use of 
mean values, a very considerable saving of time can be effected by 
(he us(‘ of constants. Let us suppose, for example, in the case 
of a column of barometrical observations for a month of 31 days, 
that it is evident by a mere glance at the individual observations 
that the moan will be 29 inches and a decimal: ^^hcn summing this 
column, it is preferabh' not to sum the whole numbers of the inches, 
but to reject 29 indies as a constant, and merely sum the decimal 
parts. Let us suppose that the sum of the (krimul in 

this column is 18*738, and that in the ^^holl‘ numbers of inches, 

30 occurs five times, and 28 onc(*, so that adding 1 for each 
30, (its excess on the constant 29,) and taking oH’ 1 for 28, (tho 
amount of its defect on 29,) mc get 18 4- o — 1 = 22, The sum, 
obtained by thus rejecting 29 inches, being accordingly 22*738. 
this sum IS 29 *000 inches x 31 (the number of observations), 
or 899*000 loss than that obtained by simple summation ; of course, 
wlicii tlu‘ sum is dividcKl by the number ol‘ observations, the constant 
(29 inches) will be prefixed for the mean. 

Constants should also bo used when summing the columns for 
the dry and wet thcirmomcters Vapour Tension and tlic maxiiumn 
and minimum teinjKTatures. 

Car(» being necessary that the values thus thrown out should be 
correctly prefixed to th(‘ mean result, it is a good plan to enter 
the constant used in a bracket (29 * 0) at the foot of its proper 
column. 

This use of constants, although in no way affecting the results 
obtained, is strongly recommended as a useful course to be adopted, 
and it will be seen that they can be employed very extensively in 
work of this description. 
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APPENDIX I. 


EXPLANATION OF THE TABLES. 


Table I. contains the correction to bo applied to thereadinflfs of barometers 
mounted in brass frames, in order to reduce them to the normal temperature, 
32^. It has been computed from the following formula given by Schumacher — 

Correction = - h 

1 -f (f — 32) 

in which 

h = reading of the barometer, 

t = temperature of attached thennometer, 

m = expansion of mercury for P F., taken as *0001001 of its length 
at 32°. 

s = expansion of the substance of which the scale is made ; for brass 
s is taken as *(KMK)104l of its length (A) at tlie standard tem- 
perature for the scale, viz., 02° F. 

Table II. is for reducing to the sea-level observations ofthe barometer made 
at any height not exceeding 1,5(M) feet. It is given for two pressures at the 
lower station, namely, 30 and 27 inches. For intermediate jiressures, the 
correction may he obtained by proportional parts. 

For heights exceeding those given in the 'Fable, the value at the sea-levcl, 
of a barometer reading at a station, the height of which is known, may be 
calculated from the following formula : — 




900 


){ 


1 + -00268 cos 2 / 


/\ 20886861/ J 


From a table of common logarithms, the natural numlier corresponding 
to log is found; or, 

And A = 7? A', 


In this formula — 

A and A' = barometer reduced to 32^ F. at the lower and upjier stations 
respectively, 

t and t’ = the temjierature of the air at the respective stations, 
f = elevation of iijiper station in feet, 

I = latitude of tlie jilace. 

3 he above formula is merely an inversion of the well-known formula given by 
liaplace in his Mecanique Ce7e.v/e, for finding the difference of elevation between 
any two places by means of the barometer, which, udanted to Fahrenheit’s 
thermometer and English feet and inches, is, — 


/= 601 59 lofi f / 1 + ( 1 + '00268 cos 

■’ ‘^ h '\ 'J0(» l \ 


jjA/ ,/ + 5225,^ * ) 

)\ 2088C861 10443430/ 


In this formula/ is the difference of elevation between the two stations, and 

is the height of the lower station above the sea-level. 

In the last factor an approximate value must be used for /. 

Table III. is for converting the reading from barometers having milli- 
metre scales, into English inches. 

'Fable IV. is for converting the readings from barometers having inch 
scales into millimetres. 

I’hey are computed from Captain Kater’s determination of the length of the 
French metre in English inches {see Phil. Trans, for 1818, p. 10.9), viz., 
1 metre at 32° F. =- 39 *3707fl inches at 02° F. 

Before using the 'Fables, the barometer observations must be reduced to the 
normal temperature of 32° F., as per Table I., if the scale be English ; but if 
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it be a French soale^ the French Table for the purpose must be employed, for 
w^hich see Guvot’s '' Tables — Meteorological and Physical/’ published by the 
Smithsonian Institution. 

Table V. is for converting the readings of barometers having old French 
scales (Paris Lines) into English inches. ^ 

The standard temperature for Paris lines is 61^*25 F., and for English 
inches 62° F. The Table supposes the barometric height to be reduced to 32°, 
and expressed in Paris lines at the temperature 61° *25, and gives the equi- 
valents in inches at 62°. If used reversely the barometric height in inches 
should be reduced to 32° by 'Fable I , before the corresponding value in lines is 
sought. As, however, the standard temperatures for the scales are so nearly 
alike, the consideration of their temperature may be practically disregarded. 

Table VI. is for reducing Barometrical Observations to the Gravity of 
Latitude 45'". 

Table VII. isibr converting the readings of thermometershaving Centigrade 
scales into Fahrenheit. 

'Fable VIII. is for converting the readings of thermometers having Fahren- 
heit scales into Centigrade. 

Table IX. is for converting the readings of thermometers having Reau- 
mur scales into Fahrenheit. 

'Fable X. for facilitating the conversion of Rainfall measurements in milli- 
meters (1-240) into inches, is based upon the value of the metre in inches at 
equal temperatures in ordinary air, namely 1 metre = 30*38203 inches. {Spc 
Appendix to the Fifth Report of Standards Commission, p. 186.) 

'Fable XI. for facilitating the conversion of Rainfall measurements in inches 
(0* 1-20*0) into millimetres, is based upon the value of the yard in relation to 
the metre at equal temperatures in ordinary air, namely I yard r=: 0*01412 metre. 
[See Appen lix to the Fifth Report of Standards Commission, p. 186.) 
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Table I. — Correction to be applied to Barometers with Bretsu Scaies, extendinjci' 
from the Cistern to the top of the lUercurial Cdamn^ to reduce the observation 
to 32® Fahrenheit. 


INCHES. 


121-0 2*-6 23-0 25 *.“i 20*0 j 30*5 


+ ! + + I 

•061 -063 -064 

•0r>0 '-001 -062 
•057 i-OoH roco 
•055 •0.56 ‘-057 
•051 *054 1-055 
0.51 -0.52 .053 1 
•OtO -050 -0.51 
•OKt -OtT *0tS I 
•OU *01.5 ‘Opj 
•012 -013 -OW 


4 + 

•0G7 j-Ort^ 
•Ottl '-oos 
•0‘>2 -OiW 
1*0(50 *001 
1*0.57 J-U.5S 

'•0.55 1*0.50 
•0.53 -05 1- 
•050 *0.51 
•Ols -OU* 
‘OK; Oi(i 


*0-2s *0-2S 
*025 '-O'JO 1 
•02*J *02t 
*021 *021 


■032 yivu 
,*020 *0 50 
•027 027 

•025 I 02 > 

•022 •02.'i 


20 -Ols ‘OIO •Oil) *020 ‘020 *020 

21 ’ 01(5 *017 -017 ’017 -OH -Ois 

22 *011 -oil *01.5 *01.5 *015 -010 

2.3 ‘012 *012 *012 ‘013 *01.3 *013 


•21 

010 

•010 

•010 

OKI 

•Oil 

•on 

•*5 

•(HIS 

•OlH 

(MIS 

OOS 

•(Ml-^ 

(ION 

•20 

•iMr, 

'OtiO 

•OOli 

oOO 

•(Mill 

*00.# 

27 

•(Hl'l 

*00 1 

00.{ 

•00.3 

•001 

•001 

2S 

•(h»l 

•001 

OOl 

0)1 

•ool 

•001 

•20 

00 1 

•oOl 

•0()1 

OOl 

•OOl 

•0 n 

*10 

•(H»l 

•003 

OOl 

•OOl 

•(Mil 

•( 01 

31 

(H 5 

*000 

•(MK? 

006 

•006 

(Ml l 

P,2 

*00^ 

•OOS 

•(KH 

•008 

•OOS 

•oo^ 

;j3 

10 

•010 

• >10 

•OKI 

•Oil 

•on 

VA 

•012 

•012 

•012 

•01.3 

•01.3 

•01,3 

III 

•on 

•oil 

•01,5 

•015 

•015 

•015 

.30 

•OKI 

•017 

•017 

•017 

•017 

•Olh 

37 

•OiS 

•019 

•<)19 

•019 

•(UCl 

•020 

.3S 

•020 

,•021 j 

:’02l 

•022 

•022 

•021 

30 

•02;i 

•02 J 1 

, • 024 

•021 

•021 

•025 

40 

•025 

'mT 

•0-2G 

•026 

•027 

•027 

n 

•0-27 

1*027 

•028 

•029 

'•029 

•030 


•029 

•0‘10 1 

I'O-IO 

•0.11 

,-ivi 

•032 

43 

•031 

•0.32 

•032 

•033 

•0*14 

•034 

14 

•0;}3 

!•(f31 

1*03.5 

•035 

•o;i6 

•037 

45 

•035 

,‘0.3C 

•037 

•03S 

•O'ls 

•039 

40 

•03S 

,*0*J3 

1-030 

*040 

•on 

•042 

47 

•040 

!01l 

,*041 

•012 

•013 

•014 

4 S 

•01*2 

1*013 

1*044 

•015 

•01.5 

•010 

40 

•Oil 

lo-is 

1-046 1 

•047 

1-ots 

•019 

no 

•010 

■o« j 

1*018 

•049 

*0.50 

,*051 


•im -OW ‘OH 
•030 *031 <(*{2 

•02'v •02s •(»20 
•025 -020 *020 
•021 -024 •(( 2 t 

•021 021 *021 
•Ois *010 * 011 * 
•OIC. *01(1 -OKI 

•013 on -Oil 
'•on ‘Oil -on 


1 

- 

- 

1 j 



A 

2S*0 j 

29*0 1 

29-5 

30-0 

1 1 

30*5 

31*0 1 

I 

f- 

u 

•07.1 

+ 

•074 

+ 

•076 

+ 1 
•077 ' 

+ 

•078 

+ 

•oso 

0 

•071 

•072 

•073 

•074 

•076 

•077 

1 

•008 

•069 

•070 

•072 

•073 

•074 


•005 

,*067 

■00.8 

•069 

*070 

•071 

3 

•003 

j*06t 

•065 

1*066 

j*0C7 

•068 

4 

•060 

1*061 

•062 

•063 

•005 

•066 

5 

•05S 

•0.59 

•060 

!<»00l 1 

*062 

•063 

6 

•055 

•0.56 

•057 

1*058 

•059 

•060 

7 

•053 

■0.51 

•051 

1-055 

'•050 

•057 

8 

*0.50 

•051 

•0.52 

1*053 

'•051 

•051 

9 

017 

OIS 

•019 

‘•050 

•0.51 

•052 

10 

•045 

•016 

•016 

1*017 

'•018 

•019 

11 

•042 

•043 

•on 

•015 

•015 

•010 

12 

*010 

•010 

•on 

'•042 

'•013 

•01.3 

13 

*0‘17 

•ins 

•03S 

j*()39 

1*010 

•OK) 

11 

• • 1*1.5 

•0.15 

j•0.36 

•036 

[•0.37 

•0*18 

15 

*032 

•0.*{.‘l 

•0*13 

1*031 

•031 

•0.35 

16 

•0*10 

030 

•031 

•0.31 

,•0*12 

•032 


0-27 

•027 

•02s 

l•028 

*029 

•0*29 

18 

•021 

•025 

*025 

026 

•026 

•027 

19 

•022 

•022 

•(1-2.3 

•0*23 

,*02,3 

•021 

20 

019 

•020 

•020 

'•020 

•021 

•021 

21 

017 

•017 

•017 

'•018 

•018 

•018 

22 

ol 1 

•Oil 

•015 

1*015 

•015 

'•01.3 

•23 


•012 *012 .•012 '012 ‘•01.*l| 2t 


<HM *000 
*003 *(»o« 
0(H. -fJOt 
001 *001 


(MCI (100 
■000 *000 
•(Mtt -00 if 
•0((1 ’OOl 


• 00 *. I 

•009 

•010 

•010 

25 

•0 *7 

* 01)7 

•007 

•007 

26 

•001 

*001 

001 i-ool 

27 

■001 1 

•001 

•001 

•001 

28 

•dOl 

•001 

•(MU 

001 

29 


•001 001. (.Ol '((01 

000 -000 •005 -007 
0 l'» 00 « '000 (»00 


•001 1*(MH -OOt *(*01 
•0*»7 •0 m7 '007 I ’007 
•0(C» ,*((00 ’010 *010 


•on , 

• 01 -2 

•012 1 

•012 j 

•012 

•012 

•012 

33 

•01 1 

•Oil , 

•ou 

•015 ' 

•015 

•015 

•016 

34 

•016 

*017 , 

•017 

•olT 

•018 I 

•018 

•OIS 

35 

•019 ' 

•019 ' 

•Oil) 

020 

•020 

•021 

•Oil 

.36 

•021 

•022 

•022 

•022 

•023 

•023 

•024 

37 

•021 

• 0 - 2 t 

•025 

•025 

•026 

•026 

•026 

38 

•026 j 

•027 

•027 

• 02 S 

• 02 S 

*020 

•029 

39 

•029 

!*029 

•(no 

• 0.30 

•031 

•031 

*032 

40 

•031 

• 0.32 

•033 

*033 

•OM 

•034 

‘036 

41 

•031 

'• 0.34 

1-035 

• 0.36 

'(m 

• 0.37 

•a 37 

42 

•030 

1-037 

•o;is 

•038 

•039 1 

•040 

•040 

4.3 

•(VIO 

•040 

•OK) 

•Oil 

*012 , 

• 04 *i 

j '043 

44 

1*011 

■012 

•013 

•Oil 

•014 1 

•046 

•ow 

45 

1*044 

•015 

'• 04.3 

•016 

•017 ' 

•018 

•OMl 

40 

1*046 

’•017 

*018 

•019 

•050 ' 

•051 

•061 

47 

!* 0 I 9 

1*050 

* 0.51 

• 0.52 

•052 

• 0.53 

•051 

48 

1*051 

1*052 

'- 0.53 

•034 

•065 

1*060 

•057 

49 

■•o-w 

,'055 

*056 

•057 

•058 i 

1*069 

•060 

50 
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TABLE! J.,-~continued. 



Temp, 























84 


TABLE 11. 


Tablk for reducing Oosuuvations of the Barombtbb to Sea Level, 
CoRBEOTioN additive. 

(Barometer Reading at Sea Level, 30 inches.) 



TEMPER \TURE OP EXTERVAL AIR~DEGREER FAHRENHEIT. 

.s 


1 

-20=* 1 

-10° 

i 

10° j 

1 

20° 

80° 

10° j 

50° 

60° 

70° 

80° 

90° 

100° 

ll 

« 

10 

•013 

•013 

•012 

•012 

•012 

•012 

•on 

•oil 

•on 

•on 

•010 

•010 

•010 

10 

20 

•020 

•025 

•025 

■021 

•023 

•023 

•02;i 

•022 

*022 

•021 

*021 

•020 

•020 

20 

$0 

•039 

•038 

•037 

•0.36 

•036 

•031 

•031 

•033 

*032 

•032 

•031 

•080 

•030 

30 

40 

•062 

•♦550 

•019 

•048 

•047 

•046 

•045 

•o-u 

‘048 

•042 

•041 

•040 

*040 

40 

60 

•065 

•063 

•0.11 

060 

•069 

*058 

•066 

(555 

•054 

•063 

•062 

•061 

•050 

60 

CO 

•077 

•076 

•071 

072 

•070 

*069 

•068 

•066 

•065 

•063 

•062 

•061 

•069 

60 

70 

•090 

*08« 

•086 

•081 

•(»82 

*081 

•(.78 ' 

*077 

•076 

•074 

•072 

•071 

•069 

70 

80 

•103 

•101 

•098 

•090 

•091 

•092 

•090 

•088 

•086 

•084 

•082 

*081 

*079 

80 

90 

•no 

•113 

•m 

•108 

•106 

•103 

•101 1 

*099 

•097 

•093 

•093 

•091 

•089 

90 

10» 

•12‘.» 

•126 

•123 

•120 

•117 

•115 

•112 i 

•no 

•108 

•105 

•10.3 

•101 

•099 

100 

110 

•112 

•139 

•135 

•132 

•1-29 

*126 

•12‘J 

•m 

•119 

•116 

•113 

•111 

*109 

no 

15J0 

•155 

•161 

•iis 

•111 

•141 

•13S 

•1.31 ' 

•132 

*129 

■126 

*1*24 

•121 

•119 

120 

liU) 

168 

•101 

•160 

•1.56 

*1.‘2 

•119 

•146 1 

•M3 

•140 

•1.37 

•131 

•1.31 

•129 

130 

140 

•IHl 

•176 

•172 

•168 

•161 

161 

•1.57 

•151 

•161 

•147 

•144 

•141 

•139 

140 

150 

•191 

■IS.. 

•1S5 

•ISO 

•17(5 

•172 

*1(*»8 J 

•165 

•162 

158 

•155 

•152 

•149 

150 

100 

•20(5 

•201 

•15»7 

•192 

•187 

18*5 

• 179 

•176 

•172 

•168 

•163 

•162 

•158 

160 

170 

•219 

•211 

•2«K> 

•201 

•199 

•195 

•190 

•187 

• 183 

•179 

•175 

•172 

•168 

170 


•232 

•227 

• 222 

•21(5 

•211 

•206 

-202 

*198 

•191 

•189 

•185 

•182 

•178 

180 

190 

•216 

•2351 

•234 

•2‘28 

•222 

•218 

•213 

•209 

•204 

•200 

•196 

■102 



•188 

190 

2fK) 

•25S 

•252 

•216 

•210 

•2 51 

•229 

•224 

•220 

•215 

•210 

•206 

•202 

•198 

200 

210 

-271 

•261 

*258 

*252 

295 


•235 

•251 

*2*26 

•2-21 

•216 

*212 

•208 

210 

220 

■281 

•277 

•270 

-261 

•257 

-262 

*246 

*212 

•2.56 

-231 

-2*27 

•222 

*218 

220 

2-iO 

•2lHj 

•2^9 

•2S3 

•276 

•2(59 

-2c;j 

•257 

-2.53 

•217 

•212 

•237 

•2.32 

•228 

2.30 

240 

•3»n» 

•302 

•29-} 

•28S 

•281 

*275 

•269 

•261 

•258 

•252 

-218 

•242 

■238 

210 

2^0 

-22, 

•314 

•3o7 

•30(» 

•29 5 

•286 

*280 

•275 

•269 

•263 

•258 

•233 

248 

260 


••U> ! 

•327 

•319 

•311 

•304 

•297 

•291 

•285 

•279 I 

•273 

•268 

•263 

•257 

260 

27(1 

•3^^ j 

•339 

•.331 

32.‘5 

•316 1 

•;509 

•302 

*296 

-290 ‘ 

-281 

•278 

•273 

•267 

270 

2SO 


‘352 

•341 

•3;i5 

•32S 

•.3-20 

•311 ' 

•3((7 

*301 1 

•294 j 

•288 

•283 

•277 

280 

200 

•373 j 

•»w 

•356 

•347 

•3,39 

:Vi2 

•326 

•31h 

•311 

•305 ' 

1 

•299 1 

•293 

*287 

290 

soo 

•3s<; 

■377 

■3i*>8 

•359 

•351 

•3U 

•336 

•3*29 j 

•322 

.315 

-.309 

•303 

•297 

.300 

310 

•399 

•aS9 


, *371 

•363 1 

•351 

•317 

•39) 1 

*.333 1 

1 *326 

•319 

-.313 

k23 

310 

320 

•412 ' 

•102 

•392 

•383 

•371 1 

•366 


•351 

'043 1 

-336 

*329 

•323 

•S17 

.320 

3.'m 

•^t21 

•111 

*101 

1 *395 

•386 1 

*377 

•369 

•362 

•8W , 

-.347 


-.383 


.130 

3iO 

•137 1 

•427 

•«6 

• W7 

•.«»7 

-.389 

1 •;580 

•378 

•365 , 

•357 


-.343 

•836 

340 

350 

•450 j 

•139 

•129 

•419 

•409 1 

•4<(0 

•39-2 

*381 ' 

•376 

•368 

*300 

•363 

*846 

360 

WW 

•4(W 

•451 

•441 

•130 

•121 1 

• in 

• KW * 

•391 1 

•380 

•378 

•370 

•363 

•366 

360 

370 

*476 1 

•464 

•453 

•412 1 

• l*5-2 i 

•i*2;5 

•411 


•397 

•389 

•380 

•373 


870 

380 

•488 

•476 

•165 

, '“‘1 


'131 

•4‘25 

•416 

•408 

•399 

•391 

•883 

*876 

380 

390 

Ea 

•489 

•477 

•4tW 1 

1 

1 *156 1 

•495 

•4;i6 

•427 

•418 1 

‘ -410 ! 

•401 

*.393 

•386 

390 

400 

•514 

•501 

•489 

•478 j 

•467 1 

*457 

•4-17 1 

•438 

■429 ^ 

•420 : 

•111 

•403 

•895 

D 

410 

•627 

*613 

•501 

j *490 

•479 

468 

1 *468 

•919 

*410 

■4.30 

*421 

•413 

•406 

Bi 

420 

•639 

*626 

1 *513 

j ’•'502 

•490 

•480 

•469 1 

*460 

•460 

•441 

•431 

‘423 

•415 

19 

430 

*552 

•538 

1 *526 

t 

•602 

•491 

•480 

•470 

•461 

•461 

•412 

•433 

•426 

m 

440 

*605 

•661 

1 *537 

•626 

•513 

•6(»2 

•491 

'181 

*471 

i *462 

•452 

•443 

•434 

440 

460 

•678 

•663 

' *560 

•587 

'525 

•613 

1 *603 

•492 

•482 

•472 , 

•402 

•453 

*4.44 

460 

4C0 

•690 

•676 

•662 

*519 

•537 

•525 

1 *611 

•603 


•482 

472 


'454 

460 

470 

•003 

•5S8 

-.574 

-.561 

•518 

'R30 

j ‘625 

*514 

•603 

•403 

‘482 

*473 

•404 

470 

460 

•010 

*600 

•580 

1 *572 

•660 

•A17 

, *536 

•624 

•614 

•503 

‘498 

•483 

•474 

4S0 

490 

•628 

•618 

•69S 

•684 

I *671 

•569 

, *617 

•636 

•624 

•614 

*603 

*493 

*483 

400 

600 

•641 

'625 

*610 

*696 

*683 

•670 

*658 [ 

*546 

•686 

*524 

*515 

*603 

*403 

600 
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TABLE II. — continued. 


(Barometer Reading at Sea Level, *27 inches.') 
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TABLE VL.~~>continued. 

(Barometer at Sea Level, 30 inches.) 


TEMPEIUTURE Or EXTERNAL AIR-DEGREES FAHRENHEIT. 



- 

— 



- 

— ~ 

— 








•SSJ 

a 

-20 

-10° 

O'* 

ir 

20 

30° 

40° 

o<r 

60' 

70’ 

80® 

IM)° 

100® 

a 

510 

•051 

1 *6.57 

•622 

•608 

•591 

1 *5Sl 

•569 

*557 

•545 

•5i)4 

•623 

•513 

•603 

610 

520 

•600 

•G“)0 

•031 

•620 

1 -606 

•593 

-.580 

•668 

•G5<1 

•645 

•633 

•623 

•613 

520 

550 

•079 

1 •662 

•646 

*631 

i *617 

•601 

•591 

*578 

•5»56 

•655 

*544 

•6i33 

•622 

680 

540 

•601 

1 *67.5 

•65S 

•6n 

•6-29 

1 -615 

•6(‘2 

-.589 

•577 

*566 

•554 

•54:) 

•6*32 

540 

550 

•701 

1 •6S7 

*670 

1 *655 

•610 

i *626 

•6n 

*600 

*587 

•675 

•664 

•663 

•512 

5.50 

500 

•717 

! *699 

•6S;i 

1 *667 

*652 

j * l)3S 

*624 

' 611 

•59S 

•586 

•571 

•6(53 

*652 

66(1 

570 

•729 

• -712 

*695 

1 *679 

•6r)3 

' *619 

•62)6 

1 *022 

*608 

*696 

-.584 

•673 

•662 

570 


•742 

1 *721 

•707 

•690 

•675 

•I’jeiO 

•616 

' *632 

*619 

•606 

*695 

•683 

*671 

680 

50l» 

■751 

•7»7 

*719 

•702 

I *6S6 

•672 

•657 

•643 

•629 

*617 

•(51)5 

•698 

•681 

590 

0(»0 

•707 

*719 

•7*$1 

•711 

*698 

’ •6s*l 

•<568 

' <5.5 1 

•<510 

'627 

•615 

'603 

*591 

600 

010 

•7S0 

1 *761 

•718 

' -726 

*709 

' -601 

•679 

* *<5»55 

•6.50 

•6.37 

•(,25 

613 

•601 

610 

<j‘20 

*792 

' *774 

"7.55 

•7*58 

• 7*21 

, *705 

*690 

’ *675 

*6(.l 

•618 

•(2)6 

*(;-23 

•611 

620 

0.H0 

•M»5 

■786 

*767 

*719 

•7*12 

•717 

•701 

*.586 

, -671 

*6.58 

'61.5 

•638 

•620 

(*,.30 

0(0 

•817 

1 *798 

*779 

•7t.l 

*711 1 *7*28 

712 

•<»97 

*(•82 

*6<*,8 

•6,56 

•613 

•JR30 

610 

0>0 

•V50 

•oil 

•791 

• 77.1 

*755 

*739 

*72*) 

•708 

’ ••,02 

‘•79 

*(,6(5 

•(5.53 

•610 

(550 

0i)«) 

■SU 

' -82:1 

•803 

• 7^5 

*7'*7 

*7.50 

*7)1 

718 

1 *7o*i 

' *(>89 

*67(» 

•(*(>2 

•(*^50 

(5()0 

070 

•s*i5 

8.'J5 

*815 

•707 

‘77s 

•761 

*715 

•729 

•713 

*(599 

•(,8(5 

•672 

•(*,60 

670 

(?H0 

• M*.S 


•S27 


790 

‘773 

75(, 

710 

*721 

*7fK) 

•6ii6 

•(ij2 

'6(59 

(580 

090 

•8S0 

• -SOO 

• sr,y 

•‘JO 

'S|>1 

•7'>1 

*767 

750 

731 

*72*1 

•7o(, 

*692 

*1,79 

6'K) 

700 

*.♦9*} 

•872 

*^5l 

•S32 

81-1 

* 795 

*778 

7«,1 

715 

*730 

•716 

•702 

'(5S9 

700 

711) 

•i)05 

•s^l 

•n;j 

*s'l 

S2{ 

• St 6 

78.) 

772 

•755 

*710 

*726 

•712 

•(59S 

710 

720 

•91-) 

* 8'J({ 

*875 

''"o 

s*5o 

1 

*81 0 

*782 

7»»t5 

751 


'722 

• 7 O 8 

720 

750 

*1)30 

*909 

's«;7 

•''07 

•SI 7 

• ‘‘29 

•811 

*795 

*776 

*761 

•795 

•7*52 

•718 

7.)0 

7V> 

•018 

•921 

* fc9 J 

•MO 

'‘71 

*81 » 

s 22 

*8 11 

*787 

*771 

• 756 

*712 

*728 

740 

7 r>o 

957 

91.*) 

•911 

•SOI 

*>70 

"51 

•8 >3 

815 : 

r^‘)7 ! 

1 *782 

•767 

•762 

• 73 s 

7.50 

700 

•‘.M,S 

915 

9 *2 

1 . 2 

SHl 

*si >2 

8 6 ) 

8—5 

80S 1 7'.)2 

'777 

•761 

'747 

7(50 

770 

‘9^0 

*957 

‘.»*>1 

•Oil 

*89 i 

87) 

•8.51 

S*)(5 

818 

•S,c 

*7*87 

771 

• 7.57 

770 

7H0 

•9J4 

*070 

916 

*9.6 

9(M 

8 s., 

8(5.5 

*8 17 

•829 

812 

•797 

781 

*767 

78') 

790 

1 00 “ 

IrSi 

•‘»58 

•0)7 

910 

•89t, 

•876 

•857 

*8*50 

•823 

•81)7 

1 -791 

' *776 

790 

SOO 

1'018 

•it'll 

'970 

*919 

927 

•9 t7 

•887 

* 8 (,-( 

• 8.50 

•s;),3 

817 

*801 

•7M5 

SOO 

MO 

l-OOO 

1 * 1)06 

*JI'2 

*961 

9*;s 

•Ols 

■s9n 

878 

’S»,> 

•81 , 

' 8.7 

•vll 

•79(5 

81ti 

S20 

1*018 

1 01 s 

■911 

*972 

050 

920 

•0 9 

*s'‘9 ' 

•Ml 

•'51 

8.57 

•821 

! *8ti5 

820 

^.*50 

1*0’7 

roD 

1*0 6 

*9M 

*9 .1 

91 ) 

*920 

•900 j 

881 

*''61 

•S47 

•a3i 1 

' *816 

830 

««) 

I'O'.o 

1*018 

1*01S 

995 

973 

•051 

9*.l 

*911 i 

*H92 

•871 

•8.57 1 

•811 1 

1 ‘826 

840 

S.’/O 

1 *OS0 

l-( 55 

1*0*5; 

1*007 

•'•si 

*'162 

*912 

*922 ' 

•902 

•885 

•8(57 ' 

•S61 j 

•S3.5 

8.50 

800 

I 

i*m)7 

,1 Oil 

1*010 

•095 

971 

*952 

*9.*>2 

•‘jri 

•896 

877 

•s(;o j 

•844 

869 

870 

1*105 

' 1*079 

jr053 

l*0;50 

1 007 

•985 

*'.k;') , 

1 *94*) 

■923 

•9(*5 

•887 

•870 

•861 

870 

880 

I'JIS 

roiii 

1 1*065 

,1-012 

1*018 

*9‘J6 

*971 

*9.51 

*934 

*916 

•897 1 

, '880 

1 *864 

880 

890 

1*18)) 

jrioi 

1 1*077 

il*053 

1 _ 

1 *030 

1*01 ,7 

*985 

'964 

*944 

*926 1 *907 

1 *890 

•873 

1- 

890 


1*148 

1*116 

1*089 

ro(2> 

|l Oil 

I ttis 

•99<» 

•975 

*965 

•936 

•917 

1 *900 j 

1 -883 

9(>0 


1*155 

ri28 

1*101 

jl*077 

|1*052 

1*029 

1*007 

1 986 

•965 

•1V40 

•927 

1 *910 

*898 

910 


1*10S 

1*110 

rii.8 

*1 088 

ii'oni 

1*0 10 

1 018 

*16)6 

*976 

*966 

•937 

' -o-io 

•902 

920 

980 

1*180 

1*152 

tri25 

1*100 

^1 *075 

1*051 1 

1*029 

1*007 

*986 

•IM)7 

•947 

*929 

•912 

9,30 

910 

1*198 

rioi 

jri37 

|riii 

1 1*086 

1*062 

1 010 ; 

roi7 

•997 

•977 

•9.57 

•939 

•021 

1 .. . 

040 

950 

1*205 

1*177 

ruo ll'123 '1*098 

1*074 '1*0.51 

1 *028 

1 *007 

*987 

•{)67 

•919 

*031 

960 

IMMI 

1*217 1 

1*189 1 

1*160 

1*130 

rio9 

ros5 

riwii 

1 039 

roi7 

•997 

•977 

•9C9 

•041 

969 

970 

1-280 

1*201 1 

1*172 

1*1 k: 

ri2o 

1*096 

ro7*2 

l-OlO 

1-028 

I-IK)? 

•987 

•IHU) 

• 0.50 

970 

9>0 

1*242 ' 

1*218 

llhl 

l * 15S 

i*ni 

1*107 

1*0«3 

riMio 

ro38 

rois 

•J07 

*978 

•960 

9S0 

090 

r2.>5 ' 

1 *225 

riy»» 

iifsy 

1 * I i;i 

1*118 

1*094 

1 *070 

1-049 

1-028 

1*(K)7 

*988 

1 *060 

990 

1,000 

1*207 

1*237 

r*208 

1*181 

1*151 

i*m 

1*105 

rosi 

1-050 

1-038 

1*017 

•09B 

lllljQIIIII 

ifim 
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TABLE II. — continued, 

(Barometer at Sea Level, 27 inches.) 

TEMPERATURE OF EXTERNAL AIR-DKGREES FAHRENHEIT. 


- 20 ° - 10 " 0 ° 


10" 20° 30" 40° 60' 









60° 1 60° 

70° 

•601 -490 

•480 

•510 -OfK) 

•400 

•r>20 * 500 

•499 

•SiV) 1 *519 

•608 

•6-«> -628 

•618 

•610 •OOS 

•527 

•669 *617 

•686 


70° 80° 90° 1 100° 



I’OftC 1*059 

1*034 

1*010 1 

1 *{NS 

•non 

1-096 1-069 

roi4 

1*020 I 


•976 

V107 jl*0S0 

1*036 

1*031 j 

,l*(MW 

*986 

1*119 I'OOl 

1*(MW 

ron 

1*019 

•{KM5 

I’lOO ll*103 

1*076 

1*062 ' 

1-029 

1*006 










1,000 1 1*141 1*118 


*898 *881 11,000 
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a; Pm 

n 


1.010 

1,020 

1,030 

1,040 


TABLE II. — continued, 

(Barometer at Sea Tiovel, 30 inches.) 

TEMrERATlTRK OF EXTERNAL AJR~DEGREE8 FAHRENHEIT. 


-20^ I -*10° . 


10 


20 ° 


I 


80° 1 40° .50° 60° . 70° i 80° 90° i 1*^° 


1,100 
1,110 
1,120 
1.180 
1,1 40 


1.150 

1,100 

1,170 

1,180 

1,190 

i,2<m 

1,210 

1,220 

1.280 

1,240 

1,250 

1.2C0 

1,270 

1,280 

1,290 


i;m 

1,310 

1,320 

i,a‘io 

i;i4() 

1,3.50 

1,860 

i;4T0 

1,380 

1.89.' 


1,400 

1,410 

1,420 

1,430 

1,440 


1*279 

1*292 


1*240 1*220 1 102 TlOJj' 1*14<J I'lio' 1*092 1*069 l*04sl 1*027* l‘OoJ 0*089 
1*261 1*2*12 1 *21' 4 1*177 I’lSlI l*127i rm2 TOSO’ 1*058| 1*037 rOls' 0*908 1,020 


1*304, 1*273 1*24,*> 1*215 TIHS J*162j 1*1.37 1*113 rOHOj 1*009 1*047 1*027 1*008 1,030 
1-.317I 1*2^5 T2.M 1*227 1*19<9 1*173 1*148 1 12;l 1*101 1*070 1*057' 1*037 1*017 1,040 


llsl 1*1.59 1 131 Tlll| 1*089, 1*067 1*047 1*027 
1 * 121 1 -Omi 1 * 077* 1 * 0.57 1 * 037 


1*329, l*29S l**26r 1*-’.^ 1 211 

1*.341 I’.'UO 1*279 1*2.5(J 1 222 1*19.5 1*170 1*14' 

1*354 1*322 1 *201 1*261 I !>8.*? 1*2<M?' l*lsl nr,:, 1*132 1*109| 1*087 1*067 1*046| 

1*3W l'.*W4 l*,*>il2 1*273 1 214 T217 1*191 1*160 1*142 1*1*20 1*097 1*076 I'OSol 

r.379 1*346 i-.ni r 2 Ki rsno 1 * 2 * 2 '' 1*202 i*i76 tiki i*13o 1*107 I’oso 1 * 01 ; 

l*.3.n 1 .•15'' T.326 T296 T267 T2:9 I 2l.*l T 187 1*103 Tl-40 1*117 1*096 1*07: 

T40 l*37ol 1 ,*J*N T;5(>T 1*27“ 1 2.5u 1*224 T19“ T173 1*150 1*127 1*106 TOS 5 ) 

T416 I 3V2 1 ,*1.59 T31'» T2‘'9 T261 T2*i.5 1*20M Tls| T160 1*187 1*11.5 T09lj 

1*42S T:‘/M T361 l*33u 1 30l 1 272 1*24.5 1*219 I 194 T170 1*147 1*1*25 l*lOl[ 

1*410 T4K.* T37*i 1312 T,‘U2 T2H.*t T2.56 1*229 1 20| Tl'^O 1*1.57 1*135 Tlisj 

1*453 1 4)' T3S5 T35 5 T.*{2{ 1 29 4 1*267 1 240 Tiin T19I 1*167 TU5 1*123 

l*4<*i5 TloOj T3‘)7 T.’k}:. 1 XM 1 .30.5 I 27s 1 *251 I 225 T201 1*177 T1.5I 1 I3Ji 

1*477 l‘H'2 1 409 T.'irO 1 ,U5 1 .*,16 T2s9 1 261 T23.5 I 211 T 1.87 1*164 T142 

1*1S9 1*151 1*120 1 r,ss 1*3.5, 1*327 T2‘»9 1*272 T 2 45 T221 T197 T174 1*152 

T.502 1 0,6 1 4‘L 1'3W 1 ;46s 1 3.3s T.310 I 2 sl» T25». 1*231 1*207 I'lM T161 

1*511 1*17“ 1111 Till J*.*}79 T.349 I .121 T29", I 26«i I 2411 ^ T193 T17I 

T52o TJ90 I 156 T 122 1 3‘H T.9V» 1 XVl 1 30. 1 27»'i I 251' T227 T 203 J'lHo 

1*5.39 1 5'»2| I 167 1*4:44 1 101 1 371 1*342 1 .*,1 1 1 2^7 1 26l' T2.37 1*212 T190 1,220 

1*5.51 T.511 T 17'' T415 TH3 T:4m 2 1 .3.5.3 1 .121 1 2i>7 T27l! 1*247 T222 Tll»9 : 

T,503 T,5.6 T491 1* 4.57 TI2I T.’.9’. T.*l«51 T,{:45 T.'i07 1*281^1*257 T2.32 1 209 1.*. 

4 T:145 1.317 T2iM' T *266 T 2 42 T2ls|l,2r>0 


T.576 T.I.T 1 .502 1*9*1“ 1*4.3. 1 40 1 

1.58“ T.5.5<» T.5U T 479 T 446 I 41.5 TH8.5 T:i56 T328 T.302' T276 1*251 1*228 1,260 

1*600 T.562 l*,520' 1*491 T 457 1 426 1*396 Ta-^Wl T.3.*4“ T312| T2s6 1*261 1*2.37 1.270 

1*612 T.571' I .53s T502 1*469 T 4.47 T 407 T.*477 T3t.s T;J22! 1*296 T271 1*247 1,280 

T625 T.5S4} T.540 T.514 T 4SO T4I“ T 417 1 .'Js; T.TiO T.3:42| T;»«>6 1*280 T*256| 1,290 

1*14.47 1 .5.H l*.56lj 1*525 T 491 T 459 1 *4‘2s T.'iOs T;p}9 1 .342 T.3I6 I 200 T 24461 1,300 

I 649 1 6li> I .57:;j T,5.36! l*.5o2 T 470 T 4*19 T 408 1*.379 T.362 T.*li94 J IKK) T*275 1,.*U0 

1*061 Tr>2* l*5'<4j T,54S T513 1 4sl T 44'' 1 419 T.'.IM' 1*;942 THU) T.*H«> 1*285 1,320 

1*074^ T644 1 ,5'.04 T 5.59 1 525 T 492 1*4<40 1 429 T 400 1*372 T34*, T319 T*294 1,41.80 

IT-O , *646 Tl’rOs' 1'.571 1 5*16 1*503 T 471 T 4 9'' T410 1 .*182 T.'',50 T.3*20 T301 1.840 


1*69“ l*'5s T62o T5S2 1 547 1 .51 4 T 482 T45« T 420 .T3'Kl T36«4 T339 T313 

1*710, T069 1 <*».3l 1'59*J 1*55“ T524 T 492 1*461 T 4.31 T 403I T375 1*348 1*323 

T722 T6S1 T64.3 1*60.5 TKJO 1.515 T50.3 TI71 1*441 1*41.3 T3M.5 1*3.58 1 '332 1.870 
T73.5I T69.3 l 65.5 1 616 T.5S1 J*,54»; 1*514 1*482* 1 4.5l’ T423 1*.395 1*308 1*312 

T747, 1*70.5 1 66r T62s 1*592 T.557 1.521 1*492 1* 40*2 tW 1* 405 1*.877 T.^51 

.568 T 5.3.5 


X*75i»i 

T771 

l*782i 


1 *503] 1 • 472, 1 * 41« T41.5 1*387 1 -.‘KHI 


1,400 


1*717 TC7M 1*6219 T003 

T729, T69oJ l*650j T6U| 1*579 T5444 T,513i 1*482' 1*453 1*425 1.897 1*370| 1.410 


T741 T701 T662! T62.5 1*590 T 5.541 1*5241 

l*79fi' 1*753 1 7131 1’073| T6.36| T601 1*507' T,534j 

l*84)sl 1*765 1*724* 1*685 1*047 1*612 1*577* T645 


1,450 

THJW' 

T777 1*7.56 

j T090 

’ I'lteH 

1,460 

1*8.32 

1 T788 T748 

j T707 

' T670 

1,470 

T8R 

T800, T759 

1*719 

1 T6S1 

1,480 

1*857 

T812 T771 

T730 

T692 

1.490 

1*860 

TK24 1*782 

T742 

T7o;t 

1,500 

1*881 

! l*8.36j l*7«4j 

T7A3 

T714 


TO-’W T5y9j T565 
1*644 a *609* T.576 
T655 1*620| 1’58C 
T606! 1-A30 1*697 


1*677 1*641 1*007 


Tyiij 1*468 1*485 T 406 I'.^HOl 1,420 


1*503 

T51.3 


T523 

T.53.3 

1*54.3 

1*564 

T564 


T574 


1*473' 1*44'4 l*416j l*389j 1,4*10 
1 * 483| 1 * IM 1 * 426* T.TOol 1 .446 


TW3 T16I 1*430 1‘40«| 

T5O.3I 
1*61.8 
T523 
T633 


T648 


T174 

1*446 

1*418 1 

1*484 

1*465 

1*427 1 

1 *493 

T465 

1*437 

l*60,‘l! 

1*474 

1*446 1 

1*613 

1*464 

1*466 1 


ii 

tx: 

1.010 


T.350 

1,860 


1,!18() 

1,890 


1,460 


1,600 
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TABLE 11,-^continued. 


(Barometer at Sea Level, 27 inches.) 
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TABLE III. 

Comparison of the Metric and Knolisii Barometer Scaurs. 
(1 Metre = 39*37079 Inches.) 

I Tonthb of a Millimetre. 




metros. 

1 * ^ 

1 

a ! 

1 3 

1 

4 1 

1 » 1 

6 1 

1 

8 1 

9 

706 

27*756 

1 27*760 

1 27*761 

27*768 

27*772 

Inches. 

27*776 1 

27*780 

27*781 j 

27*788 

27*792 

6 

*796 

i *800 

*801 

*808 

*M2 

*815 

•819 

*823 1 

*827 

•831 

7 * 

•836 

•839 

•813 

•847 

•851 

*835 ' 

*859 

*863 1 

•867 

■871 

s I 

•875 

*878 

*882 ^ 

•886 , 

•89<l 

*894 

*808 

*902 1 

*000 i 

*910 

0 

27*914 

27*918 

27-922 

27 ‘926 

27*030 

27*034 

27 “VIS 

27 ‘Oil 1 

27*945 1 27*919 

710 

27 -O.^ 

27*957 ^ 

27*961 

27*963 

27*969 

27*973 

‘27*977 

1 27*981 

27*986 

27*089 

1 

27*993 

^ 27*997 

•28*001 

28*(H>4 

•28*008 

28*01*2 

28-016 

28*020 , 

28*021 

28 *0-28 

2 

28*032 

28*036 

' *010 

•044 

*048 

*0.52 

•036 

*060 

•063 

*067 

3 

•071 

•075 

•079 

•08.-J 

*087 

*091 

•095 

*0W) 

‘103 

•107 

4 

28-111 

28*116 

28*119 

28-121 

28*126 

28*130 

2R-1S4 

28*138 

28*142 

2S*146 

716 

28*150 

28*154 

2S-15S 

28*162 

28*1<K; 

28*170 ( 

28-171 

28*178 , 

28-182 

2S*lh0 

6 

*189 

*193 

•197 

•201 

*20.5 

-209 

•213 1 

1 *217 1 

*221 

'2*25 

7 

*229 

1 *233 

•237 

, *241 

•245 

•249 1 

•232 j 

•256 , 

•260 

*264 

8 

•268 

j *272 , 

, *276 

•280 

*284 


*292 

*296 1 

•300 

•304 

9 

2S-308 

28*312 

1 

28 •31.*) 

28*319 

28 *.•121 

28-327 

2S*3.U 

1 

28*335 

1 

28*3.39 

28*343 

720 

28*347 

28*351 

28-355 

28*359 

iym 

28*367 , 

1 

2S*?J71 

28*375 1 

2S-378 1 

28*382 

1 

*3% 

*390 1 

•394 I 

*398 


*106 , 

*110 

, 

i *41S 

■422 

' i 

1 *426 

*430 ' 

•431 

*43.8 

*441 

*445 j 

•449 

1 *453 

•4.57 

•461 


1 -466 

•469 

• 473 

•477 

•4S1 

• 4'<5 

• 189 

*493 1 

*497 

•501 

4 

28*501 

28*508 

28*512 

•28 516 

28*5*20 

2h*.524 ' 

28 *,528 

1 28*532 

1 

28*636 

1 

28-510 

1 

720 

1 

28 •6-44 

1 

28*648 

28*552 

28*656 1 

, 28 560 

1 

28*.564 j 

; 28-567 

1 

28*571 

2S-.575 

28 -570 

0 

*583 

*687 ( 

•591 

•595 1 

^ -.Mm 

*(50*J 

•607 

1 *611 

*616 

619 

7 

•623 

•627 

•630 1 

1 -6'^* 

1 *6.38 

•642 

•646 

1 *650 

*651 

*058 

8 

*662 

*666 

*070 1 

*674 j 

*678 

*68*2 1 

•CS6 , 

, *689 

•093 

•697 

0 

28*701 

28*705 j 

[ 28*709 1 

1 

1 28*713 1 

^ 1 

28-717 

28*721 ' 
1 

28 -72.5 

j 

28*729 

28*733 

28*7;i7 

730 

28 711 

28*746 ' 

28-749 ' 

28*752 

•28*756 

28*760 

28*764 

28*768 ^ 

28*772 , 

1 

1 28' 776 

1 

*780 

•784 1 

•788 ' 

*792 1 

I -TIKI 

*8W> 1 

*804 

•80H 1 

•812 ’ 

' -816 

*2 

1 *819 

*828 1 

, *827 

*831 j 

1 *835 

*8.39 1 

•843 

•847 * 

•861 

, *860 

3 

•859 1 

, *863 

•867 

*871 1 

1 *875 

*878 

•882 

•886 

•890 

1 -804 

4 

28*898 

28-902 1 

1 28*iK)0 

28*910 

28*914 

28*918 

28-922 

28*926 

28*930 

' 28*l»34 

Vu."} * 

i 

24 *938 

! 28*941 

i 

i 28*945 j 

1 28*949 1 28*9.53 

28*957 

28*961 

28*965 

23*909 

' 28-973 

6 

1 28*977 j 

j 28*981 

28*985 

28-989 

28 *m 

28*01>7 

29*<K)1 

29*004 

29*008 

20‘012 

7 1 

1 29*010 

29*020 

29*024 1 

j 29-028 

29*032 

20*036 

•(►40 

•Oil 

•048 

•062 

8 

‘056 

•060 

•064 

•067 

*071 

*076 

[ *079 

•088 

•087 

•001 

9 

29*096 

29*090 

29*io;i 1 

j 29*107 

29*111 

29*115 

29*119 

29*128 

29*127 

20*130 

740 

29*134 

29-138 

1 

29*142 

29-146 

29*150 

20*ir)4 

29*1.58 

29*102 

29-106 

29*170 

1 

•174 

•178 I 

•182 

•186 

•IWl 

•198 

•197 

•201 

*206 

•209 

2 

•218 

•217 

*221 

*225 

'229 

•238 

•2.37 

•241 ' 

•245 

•240 

3 

•252 

*256 

•2<)0 

■201 j 

1 *268 

•272 

*276 

•280 

•2H4 

•288 

4 

> 29*292 , 29*290 

1 1 

29-300 

29-304 

j 29*.*U)S 

29-.312 

29*315 

29*319 

20*328 

20-887 
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TABLE lli,---c<mtinued. 


CoMPABUON of the Mbteic and English Barohetee Scales. 
(1 Metre =s 39 37079 Inches.) 


Mini- 

metros. 

0 

1 


Tenths of a Millimetre. 

3 1 4 1 6 1 6 

7 

8 I 

9 







English Inches. 






746 

29-381 1 29-336 

29*339 I 29-343 

29*347 

29*351 

29‘365 

29*359 

29*.363 

20-367 


6 

-371 

•876 

•378 

•382 

•380 

•890 

•391 

•398 

•402 

•400 


7 

*410 

•414 

•418 

•422 

•42G 

•430 

•431 

•438 

•441 

*M5 


8 

*449 

•453 

•157 

*101 

*405 

*109 

•473 

•177 

•181 

•1S6 


a 

29-489 

29-41« 

29*497 

29-501 

29*604 

29*508 

29-512 

29-510 

29*520 

29*624 


750 

29-52S 

29-532 

20*3*1(5 

29*510 

29*.'>t4 

29 *.548 

29 •5.52 

29*556 

29*560 

29*561 


1 

•6G7 

•571 

*575 

•579 

•5S3 

•6S7 

•591 

*695 

•599 

•603 


2 

*007 

•(511 

•(515 

*(519 

•02*1 

•6*27 

•050 

•6*41 

•6.38 

*612 


8 

-GW 

•«no 

*051 

•05H 

•GG2 

•ooo 

•G70 

•074 

•678 

*682 


i 

29*GS0 

29-(XlO 

•29 ‘O' (3 

‘29 *(597 

•29*701 

•29*705 

29*709 

29*713 

29*717 

29*721 


755 

29*725 

29-729 

20*71.1 

29' 737 

29*711 

29*745 

29*719 

29*753 

29'756 

29*760 


0 

-704 

•70S 

•772 

*770 

•7S0 

*781 

*788 

•79*2 

*796 

•800 


7 

•80t 

•80S 

•812 

•S15 

•S19 

•S23 

•S27 

•S31 

•885 

*839 

Parts. 


•sw 

•817 

•851 

*853 

•S50 

•863 

•8(57 

•871 

•875 

*878 





9 

2tl‘Ss2 

•29*88(5 

2f»*8lM> 

•29*s91 

29 ‘SOS 

29*902 

29*903 

•29*910 

29*914 

29*918 

Mill. 

Im 

700 

29*922 

29*920 

29 ‘WO 

29*9.11 

29 9’S 

29*941 

29*915 

29*919 

29-953 

29-957 

1 

0*0 

1 

29-lKJl 

29-5M55 

29*9 .9 

29 973 

29*977 

29*981 

29*9S5 

29*989 

29*993 

29-997 

2 

•0 

2 

no *001 

30 ’(MU 

30*(K(S 

no* 01*2 

:)0 01(5 

30*020 

8((*024 

30*028 

30*0.32 

30*030 

3 

•1 

3 

*0W 

•oil 1 *018 

•052 

•03(5 

•000 

*004 

1 *007 

*071 

•076 

4 

•1 

1 

30*079 

30*081 

30 -087 

30 091 

30-095 

30*099 

.•10*101 

‘ 30*107 

30*1U 1 

.30*115 

5 

•1 

705 

30-119 

30*1 •2*? 

.10*l-27 

.*10*130 

‘.Tini 

no- ns 

30*112 

30*110 

.30- 160 

30*164 

6 

7 

•2 

•s 

<} 

•158 

•102 

•ICSl 

•170 

*171 

•178 

•1S2 

' *186 

j *190 

•193 

8 

• r 

7 

•197 

•201 

••205 

•209 

•213 

•217 

•2‘2l 

' *225 

1 *229 

•233 

9 


S 

*2^17 

•211 

•215 

•‘219 

251 

•250 

•200 

*204 

1 -208 

•272 

10 


9 

30*276 

30*280 

3(r2Sl 

.30-2SS 

.•10*29*2 

30-290 

30 300 

30*304 

30*308 

80-.312 



770 

1 

30*310 

30-319 

30-32.1 

.•10-327 

.3o-;m 

30*,3,*15 

3l>*;i,59 

80*343 i 

30-347 

30*351 


1 

1 *355 

•359 

•3a*i 

•3G7 

•371 

•375 

•379 

•382 

•386 

•890 


2 

1 *394 

•398 

*402 

*40(5 

•110 

'114 

•4IS 1 

' *422 

•420 

i *4.30 


a 

1 -434 

•4;5a 

•111 

• 1 15 

•4«» 

•153 

•457 > 

1 *401 

•165 

*169 


4 

1 80- 173 

30-177 

30-181 

30*185 

30*1S9 

30* 193 

;io-497 

30*501 

30*601 

30*508 


775 

1 30-512 

30*510 

30*520 

30*5-21 

1 

I 3(I‘5‘28 

30-532 

30*5?10 

1 

30-510 

30*614 

30 -ins 


G 

1 *553 

•550 

•5(5(1 

•504 

•507 

•571 

'575 

*579 

*583 

•687 


7 

i *591 

•696 

'599 

*60*1 

•007 

•Oil 

I *615 

•619 

•6*23 

•627 


8 

•630 

•031 

*(53S 

•612 j 

•640 

•650 

•651 

•668 

•662 

•660 


9 

30*670 

30*071 

30 *078 

^ .30 -082 

30*080 

30’090 

' 30*693 

1 

30-097 

30*701 

30*705 


780 

80*709 

30*713 

30*717 

80 -7-21 ' 

30-725 

30*729 

' 

I 30 733 

80-737 

.30*741 

30*745 


1 

•740 ! 

•753 

•750 

[ *7G0 1 

, -704 

•708 

1 -772 

•770 

•780 

•784 


2 

•788 

•792 

•790 

•800 

•801 

*808 

•812 

•810 

•819 

•823 


a 

•827 

•831 

835 

t *839 ' 

' -813 

•847 

•851 

•855 

*859 

•865 


4 

•867 i 

■871 

•875 

•879 

*882 

•886 

•8‘.H) 

•891 

•898 

•902 


785 I 

30-900 

30*910 

30 *911 

30*918 

30*0-452 

30*920 

30*930 

30*934 

.30*938 

30*942 
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TABLE IV. 

CoMPABisoN of the Engusu and Metric Barometer Scales. 
(1 inch = 26*39964 millimptres.) 


Ejiglish 

Inches 

and 

Teutlis. 

0 

j 1 

^ 2 

Hill 

1 ^ i 

idrediln 

4 

( of an Inch. 

1 , 1 6 

7 

I 

8 

9 

27-0 

1 

{ 6W>*79 

' 686*01 

1 ' i 

686*30 1 086*56 

686*80 

j 687*06 

' 687*31 ^ 

^ 687*67 

1 

a87*82 

688*07 

•1 

css-jyj 

6SS-5S 

6S8-81 

689*09 1 

1 

689*31 

689*60 

689*86 

690*11 

690*30 

1 690*61 

•2 

1 690*87 

691*12 

691*38 

691 *0;} 

691 *88 

692*1 1 

692*39 j 

692 •a5 

1 692*90 

1 093*16 

•3 

1 693*41 

093*66 

693*92 

691*17 

691*12 

691*68 

694*93 1 

695*19 

j 696*44 

1 695*69 

j 

•1 

695*95 

1 

696*20 

696*16 

696*71 1 696*96 

697*22 

697*17 ' 

1 

(K17-73 

097*98 

698*23 

1 

•6 

* (*.98*49 

698*71 

(>99*00 

1 

699 **25 

699*50 

69*) *76 

700 01 

1 

700*27 

7(Kr5‘2 

700*77 

•« 

^ 701 ‘(VJ 

701*28 

701*51 

701*79 

702*01 

702*30 

702*5.5 

702*81 

70.3 -(k; 

J 703-31 

•7 

70o‘57 

703*82 

701*08 

7ot*.’}.3 

7or5s 

701*81 

705 -(W 

705*35 

705*60 

1 705*85 

•s 

7‘H5*ll 

7(M1*36 

706*62 

7(r>*87 

707*12 

707*38 

707*63 

707*89 

70S-14 

j 708*39 

•u 

7US*6*i 

708*90 

709*16 

709*11 

709*6(5 

709*92 

710*17 

710*43 

710*68 

710*93 


711 19 

711*11 

711*70 

711*95 

712*20 

712*16 

7l*2'7l 

712*97 

71.3*‘22 

713*17 

‘1 

7n*71 

713*98 

711*21 

71 i*r» 

711*71 

715*00 

715 '25 

715*51 

715*76 

716 01 

2 

716*27 

716*52 

716*78 

717*0} 

717*2'' 

7 1 7 * .5 1 

717*79 

718*01 

71S-.30 

718*65 

•;{ 

71S-SI 

719’(m} 

719*31 

719*57 

719 82 

720*08 

720*31 

720*58 

720*84 

721*09 

•1 

721 -.‘rj 

721 *60 

721*85 

722*11 

722*36 

722*62 

722*87 

723*12 

723*38 

72;}*a3 

*5 

1 1 

72,1*89 

721*11 

721*39 

721*65 

721 90 

725*16 

7*25*41 

725-66 

1 

725*9*2 

726*17 


' 726*1.} 

726*68 

726*93 

727*19 

7*27*11 

727 '70 

7*27*95 

7*28 '20 

728*9; 

728*71 

'7 

7*2s*97 

7*29*22 

729*47 

7*29 73 

729*98 

7.3<r21 

7.30*19 

730*71 

731*00 

731 *25 

•6 

7.*}1 *51 

731*76 

732*01 

732*27 1 

7.*}2*52 

7.*}2*78 

7.33-03 

7.3.3*28 

7*1.3*54 

733*79 

•9 

731*05 

734*30 

731*65 

731*81 

7.*}5*06 

735*32 

735 *.57 

7.35 *''2 

7;}(i*08 

736*33 

20*0 

736 50 

736*84 

737*09 

7.37*35 

7.17 *(>0 

737*86 

7.38-11 

7:i8**}6 

7:18 *62 

738*87 

1 

i 

739 *1*1 

739*38 

739*6.3 

739*89 

710*11 

710*40 

710*65 

7441*90 

741*16 1 

741*41 

•2 

711*67 

711*9*2 

712*17 

712*43 

742 68 

71*2*91 

71.3*19 

743*14 

7W70 

; 7 93 *95 

•3 

7M*21 

744*16 ' 

741*71 

711*97 

715*22 

745*48 

716-73 

715-9S 

j 746*24 

746*49 


716*75 ^ 

747*00 ^ 

747*25 

717*51 

747 76 

718*02 

748*27 

748*62 

748*78 

1 

740*0.3 

*5 

719*29 

719*51 

749*79 

750*05 1 

750*30 

750*56 

7.50-81 

751*06 

1 

1 76J *32 

761*67 

*fl ( 

751 *83 

752*08 

752*3.3 1 

752*59 

752*81 

7.53*10 

75.3*36 

763*60 

753*86 

764*11 

•7 

751*37 

764*62 

7.54*87 

755*13 i 

766*.38 

766*64 

j 766*89 

766*14 

766*40 

766*66 

•8 1 736*91 

757*16 

757*41 ' 

757*67 I 

757*92 

768*18 1 

1 758*43 

1 

758*68 

758*94 

760*19 

*0 

1 

759*45 

769*70 * 

759*95 I 

700*21 1 

760*46 

760*72 

760*97 * 

701*22 

701*48 

781*78 
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TABLE IV. — continued. 

Comparison of the English and Metric Barometer Scales. 
(1 inch » 25*30954 millimetres ) 


Enarlish llmidredtlis of an Iru li. 

Inches 


and 

Tenths. 

0 

1 

2 

3 


5 

6 

7 

8 

9 



30*» 

761*99 

762*24 

762*49 

762*75 

703*00 

763*26 

7<13*51 

763*76 

704*02 

764*27 



•1 

764*63 

764*78 

703*03 

705*29 

705 31 

765*80 

706*03 

700*30 

766*56 

766*81 



•2 

767*07 

767*32 

767*57 

767*83 

708*08 

768*81 1 768*59 

768*84 

769*10 

760*35 




709*61 

769 *86 

770*11 I 770*37 

770*62 

770*88 

771*13 

771*38 

771*64 

771*89 



•I 

772*16 

772*10 

772*63 

772*91 

773*10 

773*12 

773*07 

773*92 

774*18 

774*43 














Inch. 

Hi 






775 70 

775*96 



776*72 

776*97 







<7.) Kj 

</6*21 

/7o n> 



•r> 

777-23 

777*18 

777*73 

777 99 

778*21 

778*30 

778 75 

779*00 

779*20 

779*51 

1 

25* 

•7 

1 779 77 

780*02 

780-27 

78(»*3l 

1 780 78 

781 01 

781*29 

781*51 

781*80 * 

' 782*06 

1 

1 2 

50* 






1 



1 

1 

® 1 

76* 

•s 

782*31 

782*36 

782*M 

7s3 07 

78*1*32 

78*1*38 

78*1 8*1 

781*08 

781*31 

784*59 

1 

4 

101* 


7‘'4*sr» 

785*10 

783 35 

785 

1 

1 785 b6 

78h 12 

7s6*37 

T8(* 02 

1 78<1 S8 

, 787*13 

, S' 

126* 






1 





I 

' 6 

,152' 











j 789*67 

7 

m 

•wo 

7S7-39 

787*01 

787*89 

788*15 

788*40 

788*00 

7SS 91 

789*10 

789*42 


8 

203 

•1 

789*93 

790-lS 

790* W 

790*69 

790*91 

791*20 

791 *45 

791*70 j 

[ 

, 701*96 i 

! 792*21 

9 

228 

• 

^ 792*17 

79*2*72 

792*97 1 

791 21 

793 48 

793 74 

791 *9!) 

1 

791*21 1 

791*50 

' 791*75 

10 ) 

253 

•3 

793*01 

7W**26 

795*51 

795*77 

7‘.«J*02 

790-28 

7i65*51 ' 

790*78 

797*04 

797*29 



•4 

797 33 

797*80 

798*05 

1 

798*31 

1 

798*50 

798*82 

799*07 1 

1 

799*32 j 

1 

799*58 

799*8,3 




Tliunsandtlis of iin Inch. 

1 2 13 4 I 5 I 6 7 I 8 , 9 


o*in 


o*(r» o*(»s ()•!» 


ci;t 0*15 


o-is <r 20 0 23 
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TABLE V. 

Comparison of the Old French and Enqlisu Babometbrs. 
(1 Paris Line =0*088 81 4 English Inch.) 


French 
or Paris 
Lines. 

Tenths of a Line. 

0 

• 

2 

3 

* 

5 

6 

1 7 

1 8 

25 mclios. 

Enjf m 

Eiiff in. 

Eiiff. in 

1 

Enff. Ill 

Eiiff. in 

Eng. in 

Eng. in 

Eng. in 

Eng. in 

300 

‘26*014 

‘20*653 

26*002 

1 26-671 

26*680 

26*689 

) 26*697 

‘26*706 

26*715 

301 

20*733 

! 26*742 

26*7.51 

26*700 

26*769 

26-777 

26-786 

26*796 

26*801 

301 

26 82*2 

20*8.31 

26*810 

26*818 

26*857 

26*866 

j ‘20*875 

1 26*884 

26*803 

303 

26*911 

26*920 

26*928 

26*937 

26*946 

26*955 

j 26*964 

26*073 

26*982 

no^ 

20*999 

27*008 

27*017 

•27 -026 

27*o;i5 

27*044 

•27*053 

^ 27*062 

27*071 

so.'i 

27*088 

27*097 

‘27*100 

27*115 

27*121 

27*133 

‘ 27*142 

27*150 

27*159 

300 

27*177 

27*186 

27*196 

27*201 

27*21*1 

27*221 

27 2.30 

, 27*239 

27*248 

;u)7 

27 **266 

*27 -273 

‘27*284 

27-293 

27*301 

•27*310 

^ 27 -.319 

‘27*328 

27*337 

308 

27*353 

27*361 

‘27-37-2 

1 27*. -.81 

27*390 

•27*399 

1 ‘27*108 

1 27*417 

27*420 

im 

27*441 

27*432 

27-461 

1 27*470 

27*479 

27 -488 

' 27*497 

27*506 

27*615 

310 

27*512 

27-641 

27-550 

27*559 

27*r>08 

‘27*577 

' ‘27 *580 

j 27*595 

27*603 

311 

27*021 

27*630 

27 *6 19 

•27*618 

27*057 

•27-666 

‘27 *071 

27*083 

27*692 

20 inc].<‘s. 







1 



312 

27*710 

27*719 

27*728 

' 27 7.-17 

*27 715 

27*751 

27*76.') 

27*7.2 

27*781 

813 

27*799 

•27*808 

•27*817 

•27-S25 

27 sill 

‘27 -813 

•27*852 

•27 '861 

•27*870 

311 

27 sss 

27*896 

27*90.7 

27 911 

27 * 5 23 

27-9.12 

27*911 

27*950 

27*9,59 

317 

27*970 

27*0S5 

27-91U 

2S‘003 

•28 012 

2S 021 

28*030 

•28*0.39 

28*047 

3u; 

*28*007 

28-074 

28*083 

•28 ‘092 

28 101 

•28*110 

*28*119 

28*127 

28*130 

317 

‘28*151 

28 103 

28*172 

2S-181 

•28*190 

‘28 -198 

28*207 

*28*216 

•2S*223 

31 S 

2S*'.M3 

28-252 

28*261 

2s* 209 

28-278 

28 -287 

28-296 

2s*305 

28*311 

310 

2S-.332 

28 341 

28*3*19 

‘28 -.‘..'iS 

‘28 -.‘JO? 

2H-37r» 

2H*3‘5 

28*391 

‘28*403 

3-:o 

is- 120 

2s -429 ' 

*2S*4;i8 

‘28* 117 

1 ‘28* l.*»0 

28- m 

1 ‘28*471 

28 4‘<3 

‘28*492 

321 

2S*5'i9 

28*518 

28*627 

, ‘28*536 

1 ‘28*.'.4' 

28-.551 

‘2S*.103 

28*571 

28*580 

322 

28*59S 

28*007 , 

28*610 

1 ‘28-625 

‘28 *6*11 

28*01,1 

28*»51 

J 28*660 

28*060 

321 , 

28*087 

28*690 . 

28-705 

j 28*711 

28*722 

28*7.11 

* 28*710 

28*719 

28*758 

27 inches, j 


1 


1 

1 


1 



82^1 

2 s* 7 :o 

2s*787 I 

28*793 

, 28 *802 

1 28*811 

28 *.‘•20 

28*829 

' 28*8.38 

28 817 

.*'27 

2t-%5 

LS-873 ' 

28 *8.82 

1 28*891 

28*900 

2S 909 

28 -918 

28*927 

! 28 9,36 

320 

2 V 9.73 

28*962 f 

28*971 

2S*5»S.l 

' *28*989 

2S*9l»8 

29-m»7 

j 29*016 

29*021 

327 

29* < 12 

2') *031 

29*000 1 

29*009 

•2i»*078 

29*087 i 

29 095 

1 ‘29*101 

29*113 

328 * 

22*1*11 i 

29*110 1 

20*140 1 

29-15S 

1 29*107 

29*175 

29*181 

1 29*193 

*29*202 

829 

20*2*20 

29-229 1 

29*2.38 

29-240 

29*265 

29*261 

29*273 

1 29*282 

29*291 

380 ' 

29*309 

•29*318 ’ 

29*826 

, 2y*.135 

j *29*341 

29*3.--i:i 

‘29*302 ' 

29*371 

29*380 

381 

*29*397 

29*4<k; , 

29*416 

29*121 

1 ‘29*4;« 

29*112 

29* 151 

' 29*460 

29*468 

332 ' 

29 *4 SO 

29*496 • 

29*604 

1 29*613 

, 29*522 

•29*531 

29*540 

29*548 

29*6.57 

S?i3 1 

29*575 

•-9*581 

29*503 i 

29*602 

, 29*611 

•29*619 

29*628 

29*637 

29*640 

334 

29*664 * 

29*07.1 1 

29*682 

29T91 

I 29*099 

20*708 

20*717 

29*726 

29*736 

335 ' 

2J-758 

29*762 

29*770 

20*779 

i 29*788 

20*797 

29-800 1 

29*815 

29*824 

28 iii(*1ies. 1 


1 

1 








830 

*29*812 

29 'WO 

29-869 

29*868 

29*877 

29*886 

29*896 

29*904 

29*918 

8.H7 * 

•29*930 

29 939 

29-948 

29*957 

29*966 

29*976 

29*184 

20*992 

80*001 

838 

30*019 

3o*o:8 

30-037 

30*016 

80*055 

30*064 

30-072 

30*081 

80*090 

319 

30* lOS 

30*117 

30*120 

30*166 

30*148 

30*162 

30*161 

80*170 

.30*179 


I 9 
Miik* in. 

2<}S13 

2n’001 

27-079 
27*168 
27 -‘257 
27*340 

27*lSr» 

27'6‘ii) 

27-012 

27*701 

27-790 

27*V79 

‘27-9<W 

2s'or)0 

28*145 

2S-23» 

28*325 

28*412 

28*600 

2S*589 

28*07S 

28*707 

28*8:10 
28 'OW 
29*033 
29*122 

29-211 

29*300 

29*889 

29-477 

20*666 

29*666 

29*744 

29*833 

29*921 

30*010 

80*099 

30*188 
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TABLE V. — continued. 

Comparison of the Old French and English Barometers. 
(1 Paris Line ^0*088814 English Inch.) 


onoh 

Paris 

inos. 



Tenths of a Lino. 





0 

1 

w 

1 

! 

4 

5 

6 

7 ] 


0 

inches. 

Eng. in. 

Eng in. 

Eng. in jEng. in 

jEng. in 

1 1 ! 

Eng. in. Eng. in. Eng. in. 

1 

Eng. in. 

Eng. in. 

340 

80*197 

30*20(*) 

30*216 1 30*223 

.30*232 

80*341 

30*250 

30*269 

80*268 

30*277 

3U 

30*286 

30'29& 

80*303 1 30*312 

30*321 

30*330 

30*339 

30*348 

80*367 

30*366 

342 

30*374 

30*383 

30*392 30*401 

* 30*410 

30*411) 

30*428 

80*437 

30*445 

30*454 

843 

80*463 

30*472 

30*4S1 ' 30*400 

30*400 

30*608 

) .30*616 

30*625 

3()*634 

80*543 

344 

80*652 

30* 561 

30*570 30*679 

1 30 *.588 

30*590 

j 30*606 

30*614 

30*623 

.30*032 

345 

30*641 

80 050 

30*059 1 30*067 

30*076 

30*085 

1 30*694 

30*703 

30 712 

30*721 

846 

30*730 

30*780 

80*747 30*750 

30*705 

80*774 

' 30*783 

.30*792 

30*801 

.30*810 

847 

inches. 

30*818 

30*827 

80*880 .80*815 

80*854 

30*868 

1 80*872 

so-ftsi 

30*890 

80*898 

348 

30*907 

80*910 

t _ . 

30*925 1 30*934 

30*943 

30*052 

30*901 

30*969 

80*978 

30*987 


fluiidrudtlis of a 


, j . 1 

3 1 4 

5 

6 1 

7 

« 1 

9 

j *0009 j *0018 

•0027 1 *0030 

•0044 

*0051 

'0062 

•(K)71 

•ooso 


TAIU.K VI. 


Taiilk for rodncing Bauomkiiucal OuhKiiVATioNS to (iuvviTV at 

liVTlHIDK 


I/lt. 

Correction . 

Lat. 

I'orrcction. 

Lai. 

Corn'ction, | 


Corr<‘ctioi». 

X.or 

S. 

At .30. 

1 

1 At 27. 

\. (ir 
S. 

I At 80. 

1 At *27. 

^ . or 

.s. 

At 80. 

At 27. 

X. 01 

s. 

At 80. 

At 27. 

1 

0 

- *080 * 

-*07 

23 


-•0.10 

16 

i -008 1 

I 4 -002 

69 

1--060 

+ *054 

1 

*0S0 

*07 

2V 

•014 

•018 

47 

•006 

' *005 

70 

•061 1 

•0.15 

1> 

‘OSO 

•072 

2.1 

•0.12 

•046 

48 

•OOS 

1 *007 

71 

*068 

•0,17 

8 

•080 

*072 

2il 

•049 

•044 

49 

•oil 

} *010 

72 

•(K'hl 

• 0 , 1 s 

4 

•orii 

•07*2 

27 

•047 

*042 

.10 

•oil 

1 -012 

78 

•066 

•0t!0 

5 

•079 

•071 

28 

*0 4.1 1 

*010 

,11 

•017 1 

! -01.1 

71 

•0t>S 

•061 

6 

*078 

•07o 

29 

'012 

•o;is 

,12 

•019 

•017 

7.1 

*070 

06.3 

7 

*078 

*070 

JU) 

*040 

•wv\ 

.13 

•022 

•020 

70 

•071 

•(MU 

8 

*077 

*009 

.n 

•08s 

•081 

.14 

•025 

*0-22 

77 

•072 

•OiW> 

9 

•070 

*om) 

82 

•085 

•o;J2 

•1.1 

*027 

*025 

78 

•078 

*066 

10 

*075 

•oos 

33 

•a38 

•029 

56 

•080 

•027 

79 

*074 

•067 

11 

•074 

•067 

34 

•0.30 

•0-27 

57 

*033 

•0-29 

so 

•076 

•06S 

12 

*073 

•006 

3.1 

•027 

'’<*25 

,18 

•o;ki 

*033 

SI 

•076 

*069 

13 

*072 

*065 

,36 

*025 

*0:!2 

59 

•o;t8 

1 *034 

82 

•077 

•069 

14 

*071 j 

*064 

.37 

•022 

*020 

00 

*040 

j *036 

vS .3 

*078 

•070 

15 

•070 

*063 

38 

*010 

•OP/f 

01 

*042 

•038 

84 

• 07 s 

*070 

16 

*068 

*001 

39 

•017 

•01.1 

62 

*04,1 

*040 ! 

85 

•079 

•071 

17 

•006 

*000 

40 

•OH 

*012' 

m 

*017 

•642 

80 

•079 

•071 

18 

*005 

*068 

41 

•till 

•010 

64 

*649 

*644 

87 

•080 

•072 

19 

*068 

*067 

42 

*008 

*tM)7 j 

('•5 

*0.12 1 

1 *016 

88 

•OvSO 

*072 

20 

•001 

*0.35 

4.3 

*006 

•005 

66 

•054 

*048 

89 

•OSO 

•072 

21 

•060 

•054 

41 

*008 

•002 1 

67 

*0.18 

•050 

IHI 

•OSO 

•072 

22 

*068 

•062 

45 

*000 

•000 1 

6H 

•058 1 

1 *052 
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TABLE VII. 

CoNTERgioN of Cektiobadb Degreks into Bborees of Fahrenheit. 


Tenths of Begroos. 


graiio 

Degrees. 

1 0 

1 

1 1 

1 2 

1 

1 ^ 

1 4 

• 

; « 

! 

1 ^ 

9 

o 

~ ?<> 

- 38*2 

-88*1 

-38*0 

I 

- 38*7 

-3H*9 

-39*1 

-39*8 

-39*6 

-89*0 

1 

-89*8 

.ss 

;5(i-l 

86*0 

36*8 

' 30*9 

37*1 

37*3 

37*6 

37*7 

37*8 

88*0 

87 

84*0 

84-8 

35*0 

J 35*1 

.35*3 

35*6 

36*7 

36*9 

10*0 

36*2 

8(; 

32*8 

33*0 

33*2 

! 33*3 

,33*6 

33 7 

33*9 

34*1 

34*2 

84*4 

85 

81*0 

31*2 

31*4 

1 31*5 

1 

Sf, 

31*9 

82*1 

32*3 

32*4 

82*6 


29*2 

20*4 

29*0 

I 

j 20*7 

1 

I 29*9 

30*1 

30*3 

30*5 

30*6 

30*8 

.‘i; 

27*4 

27*0 

27*8 

1 27*9 

2S*1 

28*3 

28*6 

28*7 

28*8 

29*0 

82 

23 ’« 

25*8 

20*0 

20 1 

1 20*3 

20*6 

1 20*7 

20*9 

27*0 1 27*2 

81 

28* S 

21*0 

2i*2 

24 3 

24*6 

24*7 

24*9 

26*1 

26*2 

26*4 

30 

22*(» 

2*2*2 

22*4 

•22 5 

, 22*7 

22*9 

1 2 .*ri 

I 

2.3*3 

23*4 

23*0 

20 

20 '2 

20*1 

•20*0 

20*7 

20 9 

21*1 

1 

21*3 

21*5 

21*0 i 21*8 

•-N 

‘ lvS*l 

1S*(] 

is s 

1S*9 

J9 1 

IS) 3 

19*5 

19*7 

19*S 

20*0 

27 

1 ]rt*rt 

1<>*S 

17 0 

17*1 

17 .3 

17*5 

17*7 

17*9 

1S*0 

18*2 

20 

14*S 

15 0 

15*2 

15*3 

15T. 

15*7 

15 9 

10*1 

10*2 

10*4 

2*5 

18 0 

13 2 

13 t 

13*5 

13 7 

13*9 

U-I 

U 3 

14*4 

14*0 

21 

11*2 

irt 

ir(5 

Jl*7 

31 9 

12*1 

12*3 

32*6 

12*6 

12*8 

23 

y 4 

0*0 

y*s 

9 9 

10 1 

10 3 

10*6 

30*7 

10*8 

11*0 

22 

7*0 

7*S 

S 0 

S*1 

S 3 

S*5 

8*7 

8*9 

9*0 

9*2 

21 

5*8 

0*0 

0*2 

0*3 

0*5 

0*7 

0*9 

7*1 

7*2 

7*4 

20 

1*0 

1*2 

Vi 

i i 

4*7 

4*9 

5*1 

6*8 

6*4 

6*0 

jy 1 

2*2 ' 

2*4 

2*0 

1 

2*7 

2*9 

3*1 

3*3, 

3*6 

ST. 

3*8 

IS 1 

-0*4 1 

-”0*0 

-o*s 

-0*9 

-1*1 

~1*3 

i -1*5 

~1*7 

-l*s 

2*0 

17 

+ 1*4 1 

4 1*2 

4-1*0 

j 4-0*9 1 

4-0*7 

4-0*5 

4-0*3 

4-0*1 

O'O 

-0*2 

1(5 

3*2 

3*0 

2*8 

I 2*7 ' 

•2*5 

2*3 

2*1 

1*9 

+ 1*8 

4-1*0 

ir> 

5*0 

4*8 

1 

1*0 

1 -1 

4*3 

1*1 

3*9 

3*7 

3*0 

3*4 

n 

0*8 

6*6 

0*4 

1 

0*3 

1 

5*9 

6*7 

6*6 

6*4 

6*2 

i; 

8*0 

8*4 

8*2 

8*1 

7*9 

7*7 1 

7*6 

7*3 

7*2 

7*0 

n 

10*4 

10*2 

10*0 

9*9 

9*7 

9*6 

9*3 

9-1 ' 

9*0 

8-8 

n 

12*2 

12*0 

11*8 

31*7 

11*6 

11*3 

11*1 

10*9 

10*8 

30*6 

10 

14*0 

18*8 

13*0 

13*5 

13 3 

13*1 

12*9 

12*7 

j 

12*6 

12*4 


15*8 

15*6 

15*4 

15*3 

15*1 

14*9 

14*7 

34*6 

34*4 

14*2 

H 

17*6 

17*4 

17*2 

17*1 

36*9 

le,’ 7 

10*5 

16*3 

16*2 

16*0 

7 

19*4 

19*2 

19*0 

18'9 

18-7 

18*5 

18*3 

18*1 

38*0 

17*8 

(1 

21*2 

21*0 

20*8 

20*7 

20*5 

20*3 

20*1 

39*9 

^10*8 

19*6 

5 

28*0 

22*8 

22*0 

22*5 

22f*3 

22*1 

21*9 

21*7 

*21*0 

21*4 

4 

24*8 

24*0 

24*4 

24*3 

1^4*1 

23*9 

23*7 

23*6 

23*4 

23*2 

n 

26*0 

26*4 

26*2 

26*1 

l’r>*9 

26*7 

26*5 

25*8 

25*2 

26*0 

2 

28*4 

28 2 

28*0 

27*9 

|L7*7 

27*5 

27*8 

27*1 

27*0 

20*8 

1 

80*2 

30*0 

29*8 

29*7 

20*6 

29*3 

20*1 

26*9 

28*8 

26*0 

-0 

+82*0 

+ 31*8 

4-81*6 

+31*8 

-i-81'8 

4-31*1 

4-80*9 

-*-80*7 

-^80*0 

4-80*4 
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TABLE VIL-— coiiitniicrf. 

Conversion of Centigrade Degrees into Degrees of Fahrenheit. 


Centi- 

grade 

Degrees. 

Tenths of Degrees. 

0 

1 

2 

3 

1 ^ 

5 

6 

7 

8 

9 

0 

+ 0 

+82*0 

+32*2 

+32*4 

+32*6 

+82*7 

+32*9 

+33*1 

j +33*8 

+33*4 

+33*6 

1 

33*8 

34*0 

34*2 

84*3 

34*5 

34*7 

34*9 

35*1 

35*2 

35*4 

2 

85-6 

36*8 

30*0 

86*1 

36*3 

36*5 

36*7 

30*9 

87*0 

37*2 

3 

87-4 

37*6 

37*8 

37*9 

38*1 

38*8 

88*6 ; 

38*7 

38*8 

89*0 

4 

39'2 

39*4 

36*6 

89*7 

' 39*9 

40*1 

40*3 

40*5 

40*0 

40*8 

5 

41*0 

41*2 

41*4 

41*5 

1 

1 41*7 

41*9 

42*1 1 

42*3 

42*4 

42*6 

G 

42*8 

43*0 

43*2 

43*3 

43*6 

43*7 

43*9 1 

44*1 

44*2 

44*4 

7 i 

44*6 

44*8 

41*0 

45*1 

1 45*3 

45*5 

45*7 

1 15*9 

46*0 

46*2 

8 

40*4 

46*0 

40*8 

46*9 

47*1 

47*3 

47*5 

1 47*7 

47*8 

48*0 

8 

48*2 

48*4 

48*6 

48*7 

1 48*9 


40*3 

* 49*5 

49*6 

49*8 

10 

60*0 

60*2 

50*4 

60*5 

’ 50*7 

50*9 

51*1 

! 

51*8 

61*4 

51*6 

11 

51*8 

62*0 

52*2 

52*3 

52*6 

52*7 

52*9 

1 53*1 

5S*2 

53*4 

12 

53*6 

53*8 

WO 

54*1 

54*3 

54*6 

54*7 

1 54*9 

65*0 

55*2 

13 

65*4 

65*6 

55*8 

65*9 

56*1 


56*5 

1 56*7 

56*8 

57*0 

14 

67*2 

r.T*i 

57*C 

57*7 

57*9 

58*1 

58*3 

58*5 

58*6 

38*8 

15 

69*0 

59*2 

69*4 

59*5 

59*7 

59*9 

60*1 

i 

1 60*3 

C0*4 

60*6 

Id 

60*8 

61*0 

61*2 

61*3 

61*5 

01*7 

61*9 

62*1 

02*2 

62*4 

17 

62*0 

62*8 

C3*0 

63*1 

63*3 

03*5 

C3*7 


04*0 

64*2 

28 

64*4 

64*0 

(U*8 

Gt*9 

‘ 65*1 

65*3 

6r>*5 

65*7 

05*8 

66*0 

19 

66*2 

60*4 

00*0 

06*7 

66*9 

67*1 

1 67*3 

1 67*6 

67*6 

67*8 

20 

68*0 

GS*2 

1 

1 «8*4 

1 Os *5 

1 G8*7 

GS*9 

o.ri 

69*3 

09*4 

69*6 

21 

69*8 

^ 7u*u 

70-2 

t 70 3 

' 70*5 

70*7 

1 70*9 

71*1 

71*2 

71*4 

22 1 

71*6 

I 71-8 

72*0 

72*1 

72*3 

72*5 

72*7 

72*9 

73*0 

73*2 

23 

73*4 

j 73*0 

73*8 

73*9 

74*1 

74*3 

74*5 

74*7 

74*8 

75*0 

24 

75*2 

75*4 

75*0 

75*7 

75*9 

76*1 

76*3 

76*6 

1 

76*6 

76*8 

25 

77*0 j 

77*2 j 

77* t j 

77*5 

77*7 

77*9 

78*1 1 

78*3 

78*4 

78*6 

2C 

78*8 

, 79*0 

79*2 1 

79*3 

, 79*6 

79*7 

79*9 


80*2 

S0*4 

27 

80*6 

80*8 

81*0 1 

1 81*1 j 

81*3 

81*5 

81*7 

81 9 j 

82*0 

82*2 

28 

82*4 

82*6 1 

82*8 

82*9 

83*1 

83*3 

83*6 

83*7 

83*8 

84*0 

29 

84*2 

84*4 { 

84*0 

81*7 

S4*9 

85*1 

83*3 

85*5 

85*6 

85*8 

30 

80*0 

80*2 

86*4 

86*5 

86*7 

80*0 

87*1 

87*3 

87*4 

87*6 

31 

87*8 

8S*0 

88*2 

88*3 ! 

88*5 

S8*7 

88*9 

89*1 

89*2 

89*4 

32 

80*6 

1 89 *8 

iWO 

90*1 

00*3 

90*6 

90*7 

1 90*9 

91*0 

91*2 

38 

01*4 

91*0 

91*8 

91*9 

92*1 

l»2*3 

92*5 

92*7 

92*8 

93*0 

34 

! 93*2 

98*4 

93*6 

93*7 

93*9 

94*1 

94*3 I 

94*5 

94*G 

' 91*8 

85 

96*0 

95*2 

95*4 

95*5 

96*7 

96*9 

96*1 ' 

96*3 

96*4 

96*6 

SO 

90*8 

97*0 

07*2 

97*3 

97*0 

97*7 

97*9 j 

98*1 

98*2 

98*4 

37 

98*6 

98*8 

90*0 

90*1 

90*3 

99*6 

99*7 

99*0 

100*0 

100*2 

98 

100*4 

100*6 

100*8 

100*9 

101*1 

101*3 

101*5 

101*7 

101*8 

102*0 

89 

102*2 

102*4 

102*0 

102*7 

102*0 

103*1 

103*3 j 

1 

103*5 

108*6 

103*8 


A 19776. 


G 
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TABLE Vn,-— co»«mi4e<f. 

ConYewion of Centigrade Degrees into Degrees of Fahrenheit. 


j Tenths of Degrees. 


grade ' 
Degrees. 

0 

i 

1 1 

2 j 

3 

4 

5 1 

6 

7 

8 

9 

0 

+4(> 

+ 101'0 

+104*2 1 

+101*4 

+104*5 

4 104*7 

+ 104*9 ^ 

1 

+ 105’1 

+ 106*3 

+ 106*4 

+105*6 

41 

I 105*8 

106*0 1 

106*2 

1 108*3 1 

106*5 

106*7 ' 

100*9 1 

107*1 

107*2 

107*4 

42 

107*0 

107*8 

108*0 

108*1 

108*3 

108*5 

108*7 

108*9 

109*0 

109*2 

43 

109*1 

109*0 

109*8 

109*9 

110*1 

110*3 1 

110*5 

110*7 

110*8 

111*0 

4^ 

111*2 

111*1 

1 

111*6 j 

111*7 

111*9 

112*1 

112*3 

112*5 

112*6 

112*8 

45 

113*0 j 

113*2 1 

113*4 

113*6 

113*7 

113-9 

114*1 

114*3 

114*4 

114*0 

4 C 

111*8 1 

116*0 

116*2 

115*8 

115*5 

115*7 

115*9 

110*1 1 

110*2 

116*4 

47 

110*6 1 

116*8 

117*0 

117*1 

117*3 

117*6 

117*7 

117*9 

118*0 

118*2 

48 

118*4 

118*0 . 

118*8 

118*9 

119*1 

119*3 

119*5 

119*7 

1 119*8 

120*0 

4(^ 

120*2 

120*4 j 

120*6 

120*7 

120*9 

121*1 

121*3 

1 

121*5 

t 

121*6 

121*8 

50 

122*0 

122*2 

122*4 

122*5 

122*7 

122*9 

123*1 

123*3 

123*4 

123*6 

51 

123*8 

124*0 

121*2 

1 124*3 

124*6 

124*7 

124*9 

126*1 

126*2 

126*4 

52 

125*6 

125*8 

120*0 

^ 120*1 

126*3 

126*6 

126*7 

120*9 

1*27*0 

127*2 

53 

1*27' 1 

127*0 

' 1*27*8 

127*9 

128*1 

128*3 

128*5 

128*7 

128*8 

129*0 


129*2 

129*1 ; 

1 

129*0 

1 129*7 

12 Jr 9 

130*1 

, 13 i >*3 

180*5 

180*0 

180*8 

55 

131*0 

131*2 

131*1 

131*5 

131*7 

131*9 

132*1 

132*3 1 

182*4 

132*6 

56 

132*8 ! 

1 isjro 

13.5*2 

1 183*3 

183*5 

ia 3*7 1 

1 133*9 

1.34*1 

184*2 

134*4 

57 

134*6 

1 134*8 1 

ia 5 *o 

136*1 

1.55*3 

135*6 

18 R ’7 

135*9 

130*0 

136*2 

58 

130*1 

130*6 

130*8 

130*9 

137*1 

137*3 

137 ‘5 

137*7 

187*8 

188*0 

50 

138*2 

138*4 1 

1 

US'O 

138*7 

138*9 

139*1 

139*3 i 

1 1 

139*6 

189*6 

1 S 9 *S 

00 

140*0 

110*2 * 

1 

110*1 I 

140*5 

14( r 7 

140*9 

143*1 

141-3 

141*4 

1 U*G 

61 

111*8 

142*0 

112-2 

142*3 

142*5 

142-7 

U 2-9 

143*1 

143-2 

143*4 

C2 

143*6 

11.3-8 

111*0 

144*1 

i+i-a 

144*5 

344-7 

1+4-9 

146*0 

145*2 

05 i 

145*4 

145*6 

115*8 

145*9 

146*1 

146*3 

110-6 

140*7 

140*8 i 

147*0 

01 

147*2 

117*4 

147*0 

147*7 

147*9 

14 H 1 

148*3 

148*5 

148*0 

148*8 

05 

149*0 

1 

1 110*2 

119*4 

140*5 

149*7 

149*9 

1 

150*1 

150*8 

150*4 

150*6 

00 

150*8 

1 1.51*0 

1.51*2 

151*8 

161*6 

351*7 

351*9 

152*1 

152*2 

.152*4 

07 

152*6 

152*8 

153*0 

153 1 

163*3 

153*5 

353*7 

353*9 

164*0 

154*2 

68 

154* 1 

151*6 

164*8 

154*9 

166*1 

165*3 

165*5 

156*7 

165*8 

150*0 

00 

1 C 5*2 

160*1 

160-6 

150*7 

1 

156*9 

157 -1 

157*3 

157*5 

137*6 

157*8 

70 

158*0 1 

1 158*2 

158*4 

! 158*6 

168*7 

158*9 

' 159*1 

169*3 

159*4 

159*0 

71 

159*8 ^ 

1 CO *0 

100*2 

160*3 

160-5 

100*7 

160-0 

161*1 

161*2 

101*4 

72 

101*0 

101*8 

162*0 

, 102-1 

162*8 

162*5 

1 162*7 

102*9 

168*0 

163*2 

73 

103*4 

163*6 

’ 103*8 

1 163-9 

164*1 

164*3 

1 164*5 

1 104*7 

164*8 

105*0 

74 

165*2 

165*4 

1 

165*6 

I 

105*7 

165*9 

HJ 0*1 

1 166*3 

166*6 

100*6 

166*8 

75 

167*0 

1 107*2 

107*4 

107*5 

107*7 

167*0 

108*1 

168*3 

108*4 

168*6 

70 

108*8 

109*0 

169*2 

109*3 

169*6 

169*7 

169*9 

170*1 

170*2 

170*4 

77 

170*0 

170*8 

171*0 

171*1 

1 171*3 

171*6 

171*7 

171*9 

172*0 

172*2 

78 

172*4 

172*0 

172*8 

172*0 

173*1 

173*3 

173*6 

173*7 

173*8 

174*0 

79 

V /4*2 

1 

j 

174*4 

1 

174*6 

174*7 

^ 

174*9 j 

i 

175*1 

175*3 

1 

176*6 

176*0 

176*8 
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TABLE VIII. 

CoKTSllSION of DieXEBS of Faiikebiieii into Centibbadb Dbobees, 
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TABLE Vni.— 

Conversion of Degrees of Fahrenheit into Centigrade Degrees* 
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TABLE VIII.— 

Gonyersion of Degrees of Fahrenheit into Centigrade Degrees. 


Degrees of Pah. 


Tenths of Degrees. 


Plus. 

Minus. 

0 

1 

2 

3 

* 

5 

1 ^ 

7 

8 

9 

105 

41 

40-6 

40*6 

40*7 

«40*7 

40*8 

40*8 

40*9 

40*9 

41*0 

41*1 

100 

42 

41*1 

41*2 

41*2 

41*3 

41*3 

41*4 

41*4 

41*6 

41*0 

41*6 

107 

43 

41*7 

41*7 

41*8 

41*8 

41*9 

41*9 

42*0 

42*1 

42*1 

42*2 

103 

44 

42*2 

42*3 

42*3 

42*4 

42*4 

42*5 

42*6 

42*6 

42*7 

42*7 

109 

45 

42*8 

42*8 

42*0 

42*9 

43*0 

43*1 

43*1 

43*2 

43*2 

48*3 

110 

40 

43*3 

43*4 

43*4 

4.5*6 

43*0 

43*0 

4*1*7 

43*7 

43*8 

43*8 

111 

47 

43*9 

43*9 

44*0 

44*1 

44*1 

44*2 

44*2 

44*3 

44*3 

44*4 

112 

48 

44*4 

44*6 

44*6 

44*6 

44*7 

44*7 

44*8 

44*8 

44*0 

44*0 

113 

49 

45*0 

45*1 

45*1 

46*2 

45*2 

45*3 

45*3 

45*4 

45*4 

45*5 

114 

50 

45*0 

43*6 

45*7 

45*7 

45*8 

45*8 

45*9 

45*9 

46*0 

46*1 

U 5 

61 

40*1 

40*2 

40*2 

40*3 

46 ‘S 

40*4 

46*4 

40*5 

46*6 

40*6 

no 

52 

40*7 

40*7 

46*8 

46*8 

46*9 

46*9 

47*0 

47*1 

47*1 

47*2 

117 

53 

47*2 

47*3 

47*3 

47*4 

47*4 

47‘5 

47*0 

47*6 

47*7 

47*7 

118 

64 

47*8 

47*8 

47 9 

47 9 

48*0 

48*1 

48*1 

48*2 

48*2 

48*3 

119 

65 

48*3 

4^’ 4 

4 S *4 

48*5 

48*0 

48*0 

48*7 

48*7 

48*8 

48*8 

120 

50 

tS *9 

48*0 

49*0 

49*1 

40 1 

49*2 

49*2 

49*8 

49*3 

49*4 

121 

67 

49*4 

49*5 

49*0 

49*0 

49*7 

49*7 

49*8 

49*8 

40*9 

49*9 

322 

68 

50*0 

60*1 

60' 1 

50*2 

50-2 

50-3 

50*3 

50*4 

50*4 

50*5 

123 

59 

50*6 

60*0 

60*7 

60*7 

60*8 

5( r 8 

60*9 

50*9 

51*0 

61*1 

124 

00 

61*1 

5 T 2 

.51*2 

51 *3 

61-8 

51*4 

61*4 

51 *5 

61*6 

61*6 

125 

01 

r,i*7 

51*7 

51*8 

61*8 

51*9 

,51*9 

52*0 

62*1 

1 

52*1 

62*2 

12 i ! 

62 

52*2 

52'3 

523 

52*4 

! 52*4 

52*6 

.52*0 

52*0 

62*7 

62*7 

127 

03 

62*8 

62*8 

.52*9 

52*9 

i 53*0 

.53*1 

53*1 

53*2 

53*2 

53*3 

128 

04 

53*3 

5.3*4 

63*4 

63-5 

j 53*0 

53*0 

53*7 

5,‘ J *7 

53*8 

53*8 

120 

65 

63*9 

.53*9 

54*0 

54*1 

64*1 

54*2 

54*2 

64*3 

54*3 

54*4 

130 

60 

54*4 

54*6 

64*0 

64*0 

54*7 

54*7 

54*8 

54*8 

54*9 

61*9 

131 

J57 

55*0 

65*1 

65*1 

55*2 

.55*2 

.55 *3 

55*3 

55*4 

65*4 

56*5 

132 

OS 

65*0 

65*0 

65*7 

55 *7 

55*8 

.55*8 

55*9 

.55*9 

50*0 

66*1 

133 

GO 

6 (;*i 

56*2 

50*2 

.50*3 

.50*3 

50*4 

56 4 

50*6 

60*6 

66*6 

131 

70 

60*7 

60*7 

60*8 

.50*8 

50*9 

50*9 

57*0 

67*1 

67*1 

67*2 

136 

71 

57*2 

57*3 

67*3 

57*4 

57*4 

57*5 

.57*6 

57*0 

67*7 

67*7 

180 

72 

67*8 

67*8 

67*9 

67*9 

68*0 

68*1 

58*1 

68*2 

58*2 

68*3 

187 

73 

68*3 

68*4 

58*4 

68*6 

^58*6 

58*6 

68*7 

68*7 

58*8 

58*8 

138 

74 

68*9 

68*9 

59*0 

69*1 

09*1 

59*2 

69*2 

69*3 

69*3 

50*4 

189 

75 

59*4 

69*5 

69*6 

59*6 

69*7 

59*7 

69*8 

. 69*8 

69*9 

69*9 

140 

70 

00*0 

60*1 

60*1 

60*2 1 

60*2 

00*3 i 

00*3 

00*4 

00*4 

60*5 

141 

77 

C 0*6 

60*0 

60*7 

00*7 

60*8 

60*8 

( M )*9 

60*9 

Gl *0 

61*1 

142 

78 

61*1 

81*2 

61*2 

61*3 

61*3 

61*4 

01*4 

01*5 

61*6 

61*6 

143 

79 

61*7 

61*7 

61*8 

61*8 

61*0 

01*9 

62*0 

0*2*1 

021 

62*2 

144 

80 

62*2 

62*8 

I 

62*3 

62*4 

62*4 

62*6 

62*0 

62*6 

62*7 

62*7 


On this page Ceutigrado has the same sign as Fahrenheit, 

A 19775. H 
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TABLE \ili,-^continued, 

Cuuvcrsioa of Degrees of Fahrenheit into Centigrade Degrees. 


UeirreCH of Fah . 1 Tenths of Degrees. 


rius. 

Minus. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

o 

143 

81 

G 2-8 

62*8 

62*9 

62*9 

63*0 

61*1 

63*1 

03*2 

63*2 

68*3 

146 

82 

63*3 

63*4 

63*4 

63*5 

63*6 

63*6 

63*7 

6.3*7 

6.3*8 

6.3*8 

147 

8.5 

63-9 

6.3*9 

64*0 

64*1 

C 4 *l 

64*2 

64*2 

64 'S 

64*3 

64*4 

148 

81 

64-4 

( J 4*5 

61*6 

64*6 

64*7 

64*7 

64*8 

64*8 

(44*9 

04*9 

149 

85 

65*0 

(55*1 

0*1 *1 

65*2 

65*2 

Cm *3 

65*3 

65*4 

(.6*4 

63*5 

150 

86 

65*6 

65*6 

65*7 

65*7 

(*.6*8 

65*8 

65*9 

65*9 

66*0 

06*1 

1,51 

87 

66*1 

66*2 

60*2 

66*3 

66*3 

06*4 

66*4 

66 5 

66*6 

66*6 

152 

88 

66*7 

66*7 

66*8 

(6*8 

66*9 

66*9 

67*0 

67*1 

67*1 

67*2 

153 

8!» 

67*2 

67*3 

67 -.3 

67*4 

67*4 

67*5 

67*6 

67*6 

67*7 

67*7 

154 

90 

67*8 

67*8 

67*9 

67*9 

68*0 

IW*] 

1 

6 S *1 

68*2 

68*2 

1 

68*3 

155 

01 

68*3 

C 8-4 

(•*8*4 

68*5 

68*6 

1 

r ,8*(> 1 

68*7 

68*7 1 

1 

j 04*8 

68*8 

156 

92 

68*9 

68*9 

69*0 

69*1 j 

1 69*1 

69*2 

(«>*2 

09*3 

j 09*3 

69*4 

167 

93 

09*4 

69*5 

( 9*6 

09 *6 j 

j 69*7 

69*7 

1 69*8 

69*8 

69 '9 

09*9 

158 

94 

70*0 

70*1 ; 

70*1 

70*2 1 

70*2 

70*3 1 

j 70*3 1 

70*4 

70*4 

70*5 

159 

95 

70*6 

70*6 

1 

70*7 

70*7 

1 70 8 

70* S 

1 

70*9 

70*9 ' 

7 r () 

71-1 

160 

96 

71*1 

’ 71*2 

1 

71*2 

1 

71*3 

1 

71*3 

71*4 

71*4 

71*5 

71*6 

71*6 

161 1 

! 97 1 

71*7 

1 71-7 

‘ 71*8 

71*8 1 

71*9 

71*9 1 

72*0 

72 1 j 

72*1 

72*2 

162 I 

I (IS 

72*2 

1 72*3 

' 72*3 

72*1 

72*4 

72*5 1 

72*6 

72*6 I 

72*7 

72*7 

163 I 

99 

72*8 

72*8 

72*9 

1 72*9 1 

73*0 

73 1 1 

73*1 

7.3*2 ' 

73*2 

i 7.3*3 

164 

1 

1(10 

73*3 1 

1 

1 

73*4 

73* 4 1 

' 73*5 

1 

7.3 6 

7.3*6 

73*7 

73*7 ' 

1 

78*8 

73*8 


On this p«»go Cenligraide has the same sign ns Kahnniheit. 




103 


TABLE IX. 

CoJNTBBSiON of Degubes of Ebaumub into Degrees of Faubexueit. 


Tenths of Defaces. 


U1 

Beaumur. 

0 

1 

1 

1 ^ 

1 ^ 

4 

5 

1 ^ 

i 7 

8 

9 

O 

-39 

1 

1 -65*8 

-60*0 

! 

)' -50*2 

-50*1 

1 -56*7 

--50*9 

-57*1 

-67*3 

-57*6 

-57*8 

as 

53*5 

' 51*7 

51*0 

51*2 

51*4 

51*6 

1 54*9 

55*1 

65*3 

65*6 

37 

51*8 

61*6 

1 51*7 

51*9 

52*2 

52*4 

52*0 

52*8 

53 1 

53*3 

3R 

49*0 

49*2 

49*5 

49*7 

49*9 

56*1 

50*4 

60*6 

50*8 

51 *• 

36 

40*8 

47*0 

17*2 

47*4 

47*7 

47*9 

48*1 

48*3 

48*6 

48*8 

34 

44*6 

41*7 

45*0 

45*2 

45*4 

45 6 

45*9 

46*1 

46*3 

46*5 

33 

42*3 

42*5 

42*7 

42*0 

43*2 

43 4 

43*6 

43*8 

44*1 

44*3 

32 

40*0 

40*2 

40-5 

40*7 

40*9 

41*1 

41*4 

41*6 

41*8 

42*0 

31 

37*8 

38*0 

;J8‘2 

38*4 

’ 38*7 

3S-9 

39*1 

39*3 

39*6 

39*8 

30 

36*6 

36*7 

1 36*0 

30*2 

30*4 

36*6 

36*9 

37*1 

37*3 

37*5 

29 

33*3 

33*5 

1 33*7 

33*9 

31*2 

31*4 

1 31*C 

31*8 

35*1 

35*3 

28 

31*0 

31-2 

31*5 

I 31*7 

31*9 

32*1 

1 32*4 

82*0 

32*8 

83*0 

27 

28*8 

29-0 

29*2 

’ 29*4 

23*7 

29-9 

30-1 

30*8 

30*6 

30-8 

20 

20*5 

20*7 

‘ 27*0 

1 ‘27*2 

27*4 

‘27*6 

1 27*9 

•28*1 

28*3 

28*5 

26 

21*3 

21*5 

21-7 

j 21*9 

*25*2 

25*1 

j 25*6 

25*8 

26*1 

26*3 

2^ 

22*0 

22*2 

22*6 

22*7 

22*9 

23*1 

1 23*4 

28*0 

23*8 

21*0 

23 

19*8 

20*0 

*20*2 

1 20*1 

20*7 

20*9 

1 21*1 

21*3 

21*6 

21*8 

22 

17*5 

17*7 

1 18-0 

, ,v. 

. 18*1 

18*6 

18*9 

1 19*1 

19*3 

39*5 

21 

15*3 

15*5 

16*7 

' 15*9 

j 16*2 

10*4 

16*6 

1 10*8 

17*1 

17*3 

20 

18*0 

13*2 

' 13*5 

13*7 

j 13*9 

iri 

11*4 

11*6 

14*8 

16*0 

19 

10 8 

11*0 

11*2 

11*1 

1 11-7 

11*9 

, 121 

12*3 

12*6 

j 12*8 

18 

8*3 

1 V7 

9*0 

* 0*2' 

91 

9*0 

9*9 

10*1 

10*3 1 

10*5 

37 

0*3 



' 0*0 1 

7*2 

7*1 

7-0 1 

7*8 

8*1 1 

1 8*3 

10 

1*0 

1 1 2 

1*5 

( 17' 

1 9 

51 

5*1 

5*0 

5*8 1 

1 6*0 

15 1 

- 1*S 

* - 2-0 

— 2*2 

2*1 

2 7 

2*9 

8*1 

3*3 

3*6 

3*8 

11 

+ 0*6 

+ 0*3 

+ 0*1 

0*2 

- 0*4 

- 0-0 

- 0*0 

- 1*1 

- 1*3 1 

- 1*5 

13 

2*8 

2*5 

2*3 

+ 2*1 

4 1*9 

+ 1*0 

1 4 1*1 1 

+ 1*2 

+ 1*0 

+ 0*7 

12 

5*0 

4*8 

4*0 

1*3 

1*1 

3*9 1 

1 3*7 

3*4 

3*2 j 

8*0 

11 

7*3 

7*0 1 

0*8 

0*0 

6*1 

0*1 1 

1 5*0 

6*7 

5*6 

6*2 

10 

9*5 

9*5 

9*1 

S'S 

S*0 

8*1 1 

' 8*2 

7*9 

7-7 

7*5 

9 

11*8 

11*5 

11*3 

11*1 

10*9 

10*0 

10*1 

10*2 

10*0 

9*7 

8 

11*0 

13*8 

13*0 

13*3 

13*1 

12*9 

12*7 

12*4 

12*2 1 

120 

7 

16*3 

10*0 

16*8 

15-6 

15*4 

' 15*1 

11*9 

14*7 

11*5 1 

11*2 

6 

18*6 

18*3 

IS*1 

17*8 

17*0 

17*4 

17*2 

10‘9 

16*7 1 

16*6 

6 

20*8 

20*5 

20*3 

20*1 

19*9 

19*6 

19*4 

19*2 

19*0 j 

18*7 

4 

23*0 

‘22*8 

22*0 

22*3 

22* 1 

21*9 

21*7 

21*4 

21*2 ! 

21*0 

3 

25*8 

25*0 

21*8 

24*0 

24*4 

21*1 

23-9 

23*7 

28*5 j 

‘23*2 

2 

27*6 

27*8 

*37*1 

20*8 

20*6 

20*4 

26*2 

25*9 

26*7 

25*5 

1 

29*8 

29*6 

20*3 

29*1 

28*9 

28*6 

28*4 

28*2 

28*0 

27*7 

- 0 

32*0 

81*8 

31*6 

81 *3 

31*1 

30*9 

30*7 

30*4 

30*2 

30*0 

+ 0 

82*0 

32*2 

82*5 

32*7 

32*9 

33*1 

33*4 

33*6 

38*8 

34*0 

1 

34*8 

34*6 

34*7 

34*9 

35*2 

36*4 

86*6 

36*8 

36*1 

36*8 

2 

36*6 

36*7 

87*0 

87*2 

37*4 

87*0 

37*9 

38*1 

38*3 I 

38*6 

3 

88*8 

39*0 

89*2 

89 •* 

39*7 

89*9 1 

10*1 

40*3 

10*6 

40*8 

■+ 4 

4 41*0 

+41*2 

+ 41*5 

l-4r7 

+ 11*9 

. 12‘1 j 

4 42*4 

+ 42-0 

4 42*8 

1 

+ 43*0 




11 


104 


TABLE IX. — continued. 

Conversion of Degrees of Reaumur into Degrees of Fahrenheit. 


Degrees 


Tenths of Degrees. 


Reaumur . 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

o 

-16 

+ 43*3 

+ 4‘ J *6 

+ 43*7 

+ 43*9 

+ 44*2 

•4 44*4 

+ 44*0 

+ 44*8 

+45-1 

- r 46*3 

6 

46*6 

45*7 

46*0 

46*2 

46*4 

46*6 

46*9 

47-1 

47*3 

47*6 

7 

47*8 

48*0 

48*2 

48*4 

+8*7 

48*9 

49 1 

49*3 

49*6 

49*8 

8 

60-0 

60 2 

50*5 

.50*7 

60*9 

61*1 

61*4 

51*6 

61*8 

62*0 

y 

52*3 

62*6 

62*7 

52*9 

5*1*2 

6 S *4 

6.3*6 

6 S *8 

64*1 

64*3 

to 

54*5 

64*7 

65*0 

.55 2 

55 4 

65*0 

66*9 

66*1 

66*3 

66*6 

11 

60-8 

67*0 

67*2 

67*4 

67*7 

67*9 

68*1 

58*3 

68*6 

68*8 

12 

59 -0 

69*2 

59*6 

59*7 

59*9 

60*1 

60*4 

60*6 

60*8 

61*0 

13 

61*3 

Cl *6 

61*7 

61*9 

62*2 

62*4 

62*6 

62*8 

03*1 

63*3 

14 

03*6 

63*7 

64*0 

64*2 

64*4 

64*6 

64*9 

66*1 

65*3 

66*6 

15 

05*8 

66*0 

< Wi *2 

66*4 

06 7 

66*9 

67*1 

67*3 

67*6 

67*8 

10 

68*0 

68*2 

68*5 

6.8 *7 

68*9 

( M)*l 

69*4 

69*6 

69*8 

70*0 

17 

70 '3 

70*6 

70*7 

70*9 

51*2 

71 4 

71*6 

71*8 

72*1 

72*3 

18 

72*5 

72*7 

73*0 

73*2 

78*4 

73*6 

73*9 

74*1 

74*3 

74*6 

19 

71*8 

75*0 

75*2 

75*4 

76*7 

76*9 

76*1 

76*8 

76*6 

76*7 

20 

77*0 

77*2 

77*6 

77*7 

77*9 

78*1 

78*4 

78*6 

78*8 

79*0 

21 

70 *3 

79*5 

79*7 

79 9 

1 80*2 

80*4 

80*6 

80*8 

81*1 

81*3 

22 

81*6 

81*7 

82*0 

82 2 

S 2‘4 

82*6 

82*9 

83*1 

81 3 

88*6 

23 

83*8 

84*0 

84*2 

84*4 

I S 4*7 

84*9 

86*1 

86*3 

85*6 

86*8 

24 

80*0 

86*2 

86*5 

S 0*7 1 

j 86*9 

87*1 

87*4 

87*0 

87*8 

88*0 

25 

! 8 S *3 

8 S *6 

88*7 

88*9 1 

89*2 

89*4 

89*6 

89*8 

90*1 

90*3 

26 

90*6 

90*7 

91*0 

91*2 

01 *4 

91*6 

91 9 

92*1 

92*3 

92*6 

27 

02*8 

93*0 

93*2 

9*1* 4 , 

9.1*7 

93*9 

94 1 

94*3 

94*6 

94*7 

2 S 

95*0 

95*2 

95 5 

95*7 

95*9 

90*1 

96*4 

96*6 

90*8 

97*0 

29 

97*3 

i >7*6 

97 7 

97*9 

1 

98*2 

9 S *4 


98*8 

99 1 

99*3 

30 

99*6 1 

99*7 

UK ) 0 

100*2 

100*4 

100*6 

100*9 

1011 

101*3 

101*5 

31 

101*8 1 

102*0 

102*2 

102*4 

103*7 

102*9 

103*1 

103'3 

103*6 

103*8 

32 

1 104*0 1 

104*2 

104*5 

104*7 

104*9 

105*1 

106*4 

106*6 

106*8 

106*0 

S3 

1 106*3 

106*6 

100*7 

106*9 

107*2 

107*4 

107*0 

107*8 

108*1 

108*3 

Si 

j lOS -6 

108*7 

109*0 

109 2 

109*4 

10}) *6 

109*9 

110*1 ' 

' 110*3 

110*6 

36 

' 110*8 

111*0 

111*2 

, 111*4 

111*7 

111*9 

112*1 

112*3 

' 112*6 

112*8 

3<> 

' 113*0 

113*2 

113*5 

; in 7 

113*9 

114*1 ! 

114*4 

114*6 

114*8 

116*0 

37 

1 115*3 

116*5 

115*7 

1 115*9 1 

1 116 2 

116*4 

116*6 

116*8 

117*1 

117*3 

3 S 

j 117*6 

117*7 

118*0 

118*2 ' 

118*4 

118*0 

118*9 

119*1 

119*3 

119*5 

30 

+ 119*8 

+ 120*0 

+ 120*2 

+ 120*4 

_ 1 

+ 120*7 

+ 1*20*9 

+121*1 

* 121*3 

+121*6 

+121*8 
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TABLE X.--BAINFALL Table. 
Conversion of Millimetres to Enolish Inches. 
(1 Millimetre »0‘ 03938203 inch.) 



gji 

1 

S 


-4^ 

II 

1 

1 -grfs 

P.2 

CO 

M 

1 £;2 

1 

II 

1 

'gS’S 

99 ^ao 

a 


07 

i 

1 ^ S 07 

07 

a 


a 





•s«^ 

s 

•aw-S 




1 




if.SS 


w.Sw 

S 

«.s^ 

S 

(?S£ 

S 


§ 

S.sM 

0 

0-000 

40 

1-575 

80 

3-151 

120 

4*726 

160 

6*301 

200 

7*876 

1 

0-039 

41 

1-615 

81 

3-190 

121 

4*765 

161 

6-341 

201 

7*916 

2 

0*079 

42 

1-654 

82 

3*228 

122 

4*805 

162 

6*380 

202 

7*965 

3 

0-118 

43 

1-693 

83 

3-269 

123 

4*844 

163 

6-419 

203 

7*995 

4 

0-158 

44 

1*733 

84 

3-308 

124 

4*883 

164 

6-459 

204 

8*034 

5 

0-197 

45 

1-772 

85 

3-347 

125 

4*923 

165 

6-498 

205 

8-073 

6 

0-236 

46 

1-S12 

86 

3*387 

126 

4*962 

166 

6*537 

206 

8-113 

7 


47 

1*851 

87 

3*126 

127 

5*002 

167 

6*577 

207 

8-162 

8 

0*315 

4S 

1-8JK) 

88 

3*466 

128 

6*041 

168 

6*616 

208 

8-191 

9 

0-354 

49 

1-930 

89 

3*505 

120 

5*080 

169 

6*656 

209 

8*2.31 

10 

0-391 

60 

1*969 

IK, 

3*644 

130 

6-120 

170 

6*695 

210 

8-270 

11 

0*433 

61 

2*008 

91 

8*684 

181 

5*159 

171 

6*734 

211 

8-310 

12 

0*478 

52 

2*018 

92 

3*623 

132 

5*198 

172 

6*774 

212 

8-340 

1*1 

0*512 

5.*J 

2*0s7 

93 

3*063 

133 

5*2.38 

173 

6*813 

213 

8*388 

14 

0-551 

54 

2*127 

94 

3-702 

134 

6*277 

174 

6*852 

214 

8*428 

15 

0-591 

55 

2*166 

•95 

3-741 

135 

5*317 

176 

6*892 

215 

8*467 

10 

0*630 

66 

2-205 

9(J 

3-781 

136 

5*366 

176 

6*931 

216 

8*607 

17 

0-C6U 

67 

2-215 

97 

3-820 

137 

5*395 

177 

6*971 

217 

8-546 

18 

0-709 

68 

2*284 

98 

3*859 

138 

6-435 

178 

7*010 

218 

8*686 

19 

0*748 

59 

2*324 

99 

3*899 

139 

6-474 

179 

7*049 

219 

8 625 

20 

0*7h7 

60 

' 2*303 

100 

3*938 

140 

5-613 

180 

7*089 

220 

8-664 

21 

0-827 

61 1 

1 2*402 

101 1 

3*978 

141 

6*553 

181 

7*128 

221 

8-703 

22 

0*860 

62 ' 

2*442 

102 

4*017 

142 

5-592 

182 

7*167 

222 

8-743 

23 

0-90C 

63 

2*181 

103 

4*056 

143 

5*632 

183 

7*207 

22;i 

8*782 

24 

0*045 

61 

2*620 

104 

i 

4*{H»6 

144 

! 6*671 

184 

7*246 

224 

8-822 

25 

0*985 

65 

2*560 

105 

4*135 

145 

6*710 

185 

7*286 

225 

8-801 

20 

1*024 

66 

2*599 

106 

4*174 

146 

6*750 

186 

7*325 

226 

8*900 

27 

1-063 

67 

2*639 

107 

4*214 

147 

5*789 

187 

7*564 

227 

8*940 

28 

1-103 

68 

2*678 

108 

4*253 

148 

5-829 

188 

7*4(>4 

228 

8-979 

29 

1*142 

69 

2*717 

109 

4*293 

149 

5-868 

189 

7*443 

229 

9*01S 

30 

1*181 


2*767 

110 

4*332 

150 

5-907 

190 

7*483 

230 

9-058 

31 

1-221 


2*796 

111 

4*371 

151 

5*947 

191 

7*622 

2Sl 

9*097 

32 

1-260 



112 

4*411 

152 

6*986 

192 

7*561 

232 

9-137 

33 

1-300 


2*876 

113 

4*450 

163 

6*026 

193 

7'001 

233 

9-176 

34 

1-330 

71 

2*911 

114 

4*490 

154 

6-066 

194 

7*640 

234 

9-215 

35 

1-878 

75 

2*961 

115 

4 529 

155 

6-104 

195 

7 *0:9 

235 

9*255 

36 

1*418 


2-993 

116 

4 568 

156 

6*14 4 

196 

7*719 

• 236 

9*294 

37 ! 

1*467 

Kl 


117 

4*608 

157 

6*183 

197 

7*758 

237 

9*3,34 

38 

1*407 

mm 


118 

4-647 

158 

6*222 

198 

7*79S 

238 

9 372 

39 

1-636 


3*111 

119 

4-086 

159 

C‘2G2 

199 

7*837 

239 

9*412 



1 








240 

9*452 
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TABLE XI.-^Baintall Table. 

Conversion of Englxbh Inohbs and Tenths to Millimetres. 

(1 inch =25 *392 millimetres.) 


En^dish 

In^es. 


k 


Tenths of an Inch. 




9 

0 

1 

2 

3 

4 

5 

6 

7 

8 1 

0 

0*0 

2*5 

5*1 

7*6 

10*2 

12*7 

15*2 

17*8 

20*3 

•22*9 

1 

26*4 

1 27*9 

30 5 

33*0 

1 36*6 

38*1 

40*6 

43*2 

45*7 

48*2 

2 

60*8 

63*3 

56*9 1 

1 68*4 

60*9 

63*5 

66*0 

68*6 

71*1 

1 73*6 

3 

76*2 1 

78 7 

81*3 

83*8 

86*3 

88*9 

91*4 

94*0 

96*6 

99*0 

4 

101*6 1 

1 ' 

104*1 

106*0 

109*2 

111*7 

114*3 1 

116*8 

119*3 

121*9 

12 4*4 

5 

127*0 ' 

129*5 

132*0 

134*6 

137*1 

139*7 

142*2 

144*7 

147*8 

149*8 

n 

16*2 ir , 

154*0 

157*4 

160*0 

162*5 

lai-o 

167*6 

170*1 

172*7 

175*2 

7 

177*7 

180*3 1 

182*8 

185*4 

187*9 

19<»*4 

' 103*0 

105*6 

198*1 

200*6 

8 

203*1 

205*7 

208*2 

210*8 

•213*3 

215*8 

218*4 

2*20*0 

•223*5 

224; *0 

9 

228*5 

1 281*1 

•238*6 

236*1 

238*7 

241*2 

, 2 43*8 

1 2J6 3 

24^*'' 

251*4 

10 

253*0 

1 256*5 

250*0 

261*5 

2<W*1 

2<*»<i*6 

1 269*2 

i 

1 271*7 

274*2 

276*8 

n 

•270*3 

1 281*0 

*284*4 

*2S6*0 

289*5 

292*0 

' 2*04*5 

' 207*1 

21K)*6 

302*2 

12 

;m*7 

' 307*2 

1 309*8 

312*3 

1 314*9 

317*4 

• 

1 1 

319*9 1 

1 

1 3*22*6 

325*0 

327*6 

13 

330*1 

1 

1 332*6 

1 835*2 

337 7 1 

1 340*3 

3'42*H 

345*3 1 

1 

i 347*0 

350*4 

, *153*0 

U 

j 365*5 

358*0 

1 

860*0 

1 

363*1 

ma 

,*9;s*2 

, »V»-7j 

373*3 

375*8 

378*3 

16 

I 380*9 

I 1 

' 383*4 

1 

1 

386*0 

388*5 

301*0 

393*6 

306*1 

39S*7 

401*2 ' 

403*7 

k; 

1 3 

408*8 

411*4 

413 9 ' 

* 416*4 

419*0 

421*5 

424*0 

4*2(i*6 

4-29*1 

1 

J7 

1 481*7 

, 434*2 

436*7 

439*3 

1 <441 *8 

444*4 

4k>*0 

4‘40’4 

452*0 

454*5 

18 

457*1 

459*6 

462*1 

464*7 

! 467*2 

1 

169*8 

472*3 

474*8 

477*4 

479*9 


482*6 

485*0 

487*5 

1 

490*1 

492*6 

405*1 

1 407*7 

1 

500*2 

502*8 

605*3 

20 

607*8 

610*4 

512*9 

1 

615*5 

618*0 

520*5 

1 623*1 

525*6 

528*2 

1 

530*7 


0 

1 1 

1 

2 

3 

4 

5 

1 

6 

7 

1 

8 

9 


Hiuidredihs ot an Inch. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

i 0'*6 

1 

0*51 

1 

0*76 I 

1*02 j 

1*27 ' 

1*52 1 

I 

1*78 

2*08 

3*29 




METEOEOL 


STATION OP 


Station, 40, Fitzwilliam Square 


Month and Tear, November 18 



Attached Thermo- 


No. 19. 


) Specimen of 

nn Square West, Dublin, 



Elastic Force of Aqueous 
Vapour. 


mtuy BetiirQi^ 

ing November 18 fe 


|l, GO feet. 

y and Wet 3 ft., Max. 3 ft. 6 ins., Min. 4 ft. 
lea Level 54 ft., above the ground 3 ft. 


[. Local Time. 


Wind. 


iVNW 

iVSW 


iNBTEtJMENTS IN VSE. 
Barometer, No. 877. 

Dry Bulb, No. 183. 

Wet „ 0 . 136 . 

Maximum, No. 5,783. 
Minimum, No. 4,422. 

Kain gauge, No. 


^lorii. Wind veered iVom SSW to W with close rain 
k & even, niinfnll to 9 p.m. - *350 inch ; max. 56*5. 
|s clearing off very sloM'ly from SW. Sky clear to 
iring 3 p.m. Cloudless, & bright moonlight even. 


1 

2 .S' 



Day of the 3Ionth. 
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AIWNDIX III. 


CJnicuLAR addressed to Volunteer Observers in connexion with the 
Metkorolooical Office. 


Meteorological Office, 116, Victoria Street, London, S.W., 
Dear Sir, 18 

I FIND it will he necessary to obtain a more detailed statement as to 
your instruments, their position, and your method of observing them, than 
has hitherto been supplied to us, and for this purjiose I venture to request 
you to fill up tlie accompanying form, and return it to me at your earliest 
convenience. 

Upon receipt of your re])ly I will send you a card containing the necessary 
corrections for I'acihtating the reduction of the Barometrical Readings to 32° F. 
and to Mean Sea Jicvel (Ordnance Survey Datum), and I must request you 
to use this table, in jireference to any other, in order to ensure absolute uni- 
formity in the methods of reduction. 

Yours very faithfully. 


Secretary. 
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NOTES 


A.S to the Instruments employed^ and their Exposure at 



N. 


Barometer. 


Is the tube enclosed in a fram e-work of brass ? 

What is the maker’s namlit" "*** 

Has it been c ompare d with any reco gnised s tyidard ? 

If so, give a copy ot the correction wrtiBcate in the following Form. 


No. of Instru- 
ment and 

Maker’s Name. 

Corrections at 

1 

Where and 

when 

Compared. 

27-5 1 28-0 

1 i 

I 28-5 1 20-0 

1 1 

295 

1 

30-0 

1 

30'.5 

1 

1 

1 t 


i 

j 

: 1 


j 



Is the instrument suspe nded in a good ligh t ? but lieyond the reach of Solar 
rays? or any v ejQr sudden cTiange ol temperature ? 

Does ir iiang "quite free ly, so as to be pe rfectly ver tiral ? 

Have you any reason to suppose the insfrument to be Ilsluggisli,” or other- 
wise defective I 

What 18 the height of the cistern above the Mean Sea Level ? and how was 
the value obtained f ' “ 


Thermometers. 


Have those in use been compared with any recognised Standard? 
If so, give a copy of their corrections below. 


Maker’s Name 



Corrections at 



Where 

and when 
Compared. 


32° 

1 42’ 

j 52° 

62° 

72° 

82° 

92° 









Dry bulb - No. 

Wet bulb - „ 

Maximum - „ 

Minimum - „ 

Solar Radiation „ 
Terrestrial do. „ 

1 

1 

1 

] 

1 



i 





What are the heights of the bulbs abo ve the ground ? Max. 

Min. "**, dryTiGTir" 

On, or in, what form of screen arothc shaded thermometers exposed ? 

(Note , — If the name of the screen is not known, give a sketch and 
descrijition of it.) 

Have vou a Solar Radiation 1‘hermomcter (blackened bulb in vacuo) ? 

If so, how is it exposed ? and at what height hrom the ground ? 

At what hour do you set your Maximum and Minimum Thermometers ? 



Ill 


Rain Gauge. 

What jorm of gauge is in use ? 

If tbeincmh is not known, give a rough sketch of it. 

What is the shape and diameter of the funnel ? 

Wh.. 1. £re:'‘iLv.i, 

Should the gau^ be on the roof of any building, be good enough to note 
the height of the rim above the roof. 

Is the ground about your stationjgyd ? 

If not, sayTnVhat direction, and toldiout what extent, it slopes. 

Is'the ^u^ alb lilt STTeHerecTbxX'SSS^^ or shrubs ? 

At what hour do you observe the Kdn-gauge T 

Are the amounts as measured entered to the preceding day ? 

Wind. 

Is your s tation well s ituated for obtaining wind observations ? 

If not, wnai winasltr^^ cniefly affected and how are they affected ? 

How are the direction and force obtained ? 

Is the direction truOf as diStifiguished from magnetic ^ 

JaJhe_force estimated by the Beaufort Scale, 0-12? 

If an anemometer Ts usedj describe its size and construction, and say how it 
is exiiosed.** 


Clouds. 

According to what system do you classify the/om of clouds ? 

Is the amount estimated by the scale, “0 = quite clear, 10 = entirely over- 
cast ? 

[In giving the direction of clouds the point whence they are moving 
should be recorded.] 


Weathkk. 

Is this recorded by the Beaufort scale, viz. : — b. blue sky ; c. detached 
clouds; d. drizzling rain; f, fog; g. gloomy, dark; h. hail; 1. lightning; 
m. misty (hazy) ; o. overcast ; p. passing showers ; q. squally; r. rain ; s. snow ; 
t. thunder; u. ugly, threatening; v. visibility, unusual transparency; 
w. wet, dew? 

What arrangements are made, or can any be made, to secure the continuity 
of the observations during the occasional absence of the observer ? 

(live a rough plan of the station, showing the positions of the various instru- 
ments, and marking the heights of the surrounding walls, fences, trees, &c. 


Signed. 


Observer. 
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APPENDIX IV. 

Tiir. following List of Works of Eeferonco may be useful, although it 

necessarily excludes a great number of Treatises on Meteorology : 

Buchan, A. Handy Book of Meteorology, 2nd cd. London and Edinburgh, 
Blackwood & Sons, 1868. 

[A 3rd edition of this work has been announced for a long time.] 

Dove, H. W. The Law of Storms ; Translated by R. II. Scott, M.A., London, 
Longmans & Co., 1862. 

Glaisher, J. Hygrometrical Tables, 6th ed. J^ondon, Taylor & Francis, 
1879. 

Guyot, Dr. a. Tables: — Meteorological and Physical. Washington, Smith- 
sonian Institution, 1859, 

Herschel, Sir J. Meteorology, 2nd ed. Edinburgh, Black, 1862. 

Loomis, E. A Treatise on Meteorology. New York, Harper Bros., 1868. 

Marik-Davv, H. Les Monvenients dc rAtniosphere ct des Meis, considtWs 
au point dc \ iie de la prevision du Temps. Paris, Masson & Fils, 1866. 

Mohn, H. (irundzuge dcr Mctcorologic. 3te .Vutlagc. Berlin, Rciiuer, 1883, 

Scii.MiD, Dr. E. E. Lehrbnch der Meteoiologie nebst cinem Atlas. Lei]>zig, 
Voss, 1860. 

Scott, U. II. Elenientarv Meteorologj*, 3rd ed. London, Kcgan I’aul, 
Trench, & Co. 1884. 

SiMMONDS, G. H. Meteorological Table**. London, W illiams & Strahan, 
1861. 
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INDEX. 


A. 

Adjustment of cistern of barometers for transmission - 
Air in barometer tubes ---- 
Altitude, correction of barometer for - - - 

„ „ „ Tables - 

Anemometers, exposure of - 

„ pressure - - - ■ 

„ velocity - - - - 

Aneroids 

Apjohn’s formula for the wet and dry bull) thermometer 
Atmidometer. See “ Atmonieter - 
Atinometers, form of - - . . 

Atmospheric electricity - - - . 

Attached thermometer . - - . 

August’s psychrometer - - . . 

Auroi’a, description of - - . - 


Page 
19 , 25 
15 
31 , 80 
84 
57 
55 , 56 
56 
26 
49 
53 
53 
60-64 
15 
47 
72 


B. 


Barograph - . - - 

Barometer, case . - - 

„ {’eneral description of 

„ })ipettc - - - 

„ reading - . - 

„ scale - - - 

„ vernier - - - 

„ air in tube of - 

„ Bourdon’s 

„ construction of - 

„ defects of 

„ “ Fishery ” - - 

„ “Gun” . 

„ “Kew” . 

„ management of - 

„ marine - - - 

„ mountain - - - 

„ packing and transmission - 

„ photographic 

„ “ pumping ” of - 

„ self-recoraing 

„ standard (Fortin’s) 

„ siphon - - « 

„ testing of - 

„ verification of - 

„ wheel - - 

Barometer-Tables, explanation of 
Barometrical measurement of heights 
„ corrections 


26 

11 

11 

16 

14 , 19 , 76 
12 
13 
15 
27 
11 
15,20 

24 
20 
19 

17 , 19,22 
19,22 
23 

17 , 22,25 
26 
26 
26 
18 
23 
27 
27 

25 
80 
33 
29 
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Beaufort’s scale of wind force 
„ weather notation - 
Bennett’s electroscope 
Black bulb in vacuo - - . 

Bohnenberger’s electroscope - 
Boiling point - - - 

BulbS; forked, &c., for spirit thermometers 


Page 

57,58 

69 

60 

43 

60 

34 

39 


a 


Calculation of means - 
Capacity correction 
Capillarity correction - 

„ in barometers, effect of 

,, in siphon barometers 

Casella's minimum thermometer 
Cator’s anemcmeter - 
Celsius’s thermometer scale - 


„ „ conversion of to Fahrenheit 

Centigrade thermometers - - - - 

Certificates for barometers - - . . 

Cirro-cumulus cloud, form of ... 

Cirro-stratus cloud, form of - 
Cirrus-cloud, form of . - . . 

(hsterns of barometers - . - . 

,, Fortin’s barometer - - - - 

Clouds, forms of, entry, &c. - - - - 

Compass, bearings reduced to true - . - 

Conversion of thermometer scales. Tables for - 
Constants, use of, in calculating means 
Coronoe, entry of - - - - - 

Correction of barometer for altitude - « - 


,, „ ,, ,, capacity 

„ „ „ „ capillarity 

„ „ „ „ index error 

„ „ „ „ temperature 

Corrections, examples of - - - - 

Cumulo-stratus cloud, form of - - - 

Cumulus cloud, form of - - - - 


- 74, 7.9 

29 

29 

29 
23 
38 
55 
34 
9 (; 
•M 

30 
65 
65 
65 

- 12, 20 

18 

65-68, 78 
59 

- 96-103 
79 
72 

31, 80, 84 
29 
29 
29 

30, 80, 82 
32 
67 
6 / 


D. 


Daniell’s hygrometer ... 


- 

. 

46 

Datum fer Mean Sea Level - - - 

- 

- 

. 

31 

Definition of different classes of stations 

. 



7 

Dew, entry of - 

- 


. 

71 

Direction of wind, how recorded 

. 

. 


59 

Displacement of Zero in Thermometers 

. 

. 


36 

Dufour’s atmometer 

. 

. 

. 

53 

Dust-haze, description of - 

- 

- 

- 

73 


E. 

Electrical tliermographs 
Electricity (atmospheric) 

Electrometers, fiirms of - - 

Errors of sjiirit thermometers 
Evaporation, measurement of 
Exposure of radiation thermometers - 
„ thermometers 


40 

60, 61 
60-64 

39 
53 

44-45 

40 
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F. 

Fahrenheit’s thermometer 





Page 

34 

„ ,, scale conversion of to Celsius 

. 

- 

99 

Fiducial point in Fortin’s barometer - 

. 


• 

- 

18 

Fishery barometers - - - 

. 


. 


24 

Fog, definition of - - - 

. 


. 

- 

70 

„ (ground fog, or stratus cloud) 

- 


. 

- 

()6 

Form for stations of second order 



. 

. 

107 

Fortin’s barcimeter - - - 

- 


. 

- 

18 

Freezing point . - - 

- 


- 

- 

34 

Fronde Ihermomhtre - - - 

. 


- 

- 

43 

Frost, management of hygrometer in - 

- 


- 

- 

48 

G. 

Glaisher's hygrometric tables - 

. 


. 

. 

49 

„ tables for diurnal range of thermometers 

- 

- 

- 

74 

Glazed frost, entry of 

- 

- 

- 

- 

71 

Grdd-leaf electroscope 
“ Graupel.” Soft hail, entry of 

- 

- 

- 

- 

00 

- 

- 

- 

- 

71 

Ground -fog (stratus cloud) 

- 

- 

- 

- 

60 

“ Gun ” barometer - - - 

- 

- 

- 

- 

20 

H. 

Hail, entry of . . - 

_ 

• 

• 

- 

70. 71 

,, measurement of - - 

. 

. 


. 

51 

Halos, entry of - - - 

- 

. 


- 

72 

Haze, entry of - - - 

- 



- 

70, 73 

Heights, barometric measurement of - 
Hicks’ radiation thermometers 

- 



- 

33 




. 

44 

Hours of observation, combinations of 




. 

74 

Howard’s cloud nomenclature 

. 




65-08 

Hydrometeors, observation of, symbols, &c. 

- 



- 

09-73 

Hygrometer, Apjohn’s fonniila for the 

- 



- 

49 

,, Danicirs 

- 



- 

40 

,, management in frost 

- 



- 

48 

„ Mason’s 

- 



- 

47 

,, Uegnault’s 

- 



. 

46 

,, the wet and dry Imlb 

- 


- 

- 

47 

I. j. 

Icc-crystals, entry of - 

- 

- 

- 

- 

71 

Inches, conversion of to millimetres, for rain 

- 

- 

- 

. 

100 

„ „ „ barometer 

- 

- 

. 

80,92 

Index error of barometers 

- 

- 

- 

- 

29 

K. 

Kew barometers ... 





19 

„ verification of barometers 

- 

. 



27 

„ „ thermometers 

- 

- 

- 

- 

36 

L. 

Lamont’s atmometer - - - 





53 

Lightning, entry of - 

- 

- 


. 

70 

Lind’s anemometer ... 

> 

- 


. 

55 

Lines, Paris, conversion of, to English inches 

. 



81,94 

I^wer clouds, -forms of • • 

- 

- 


- 

06-68 
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M. 

Page 

Mackerel sky (cirro-cumulus cloud) - - • . . §5 

Management of barometers - - - - - 17,19,22 

„ hygrometers ^8 

Mare’s tails (cirrus cloud) 65 

Marine barometers 19, 22 

„ barometers, suspension of 21 

Mason’s hygrometer - - 47 

Maximum thermometers - 37 

Mean Sea Level 31 

Means, calculation of 74 , 79 

Meteorology, List of Works on - - - . - 112 

Metres per second, conversion of miles per hour to - - 58 

Millimetres, explanation of conversion-tables - - - 80, 81 

„ conversion of to English inches - - - - 92, 105 

Minimum thermometers 

Mist, entry of 70 

Mitchell’s atmometer ------- 53 

Mountain barometers ------- 23 


]S. 

Ncgrctti’s maximum thermometer - - - - , 38 

„ radiation thermometer - - - - - 11 

Nimbus clouds, form of - - - - - 67 


0 

()bser\'ation, combination of hours of 
Observations, Form for recording 
Observer, requirements in an 
Observers, remarks to 
Ordnance Survey datum 
Osier’s anemometer - - - 

Osnagbi’s atmometer 
Ozone, determination of 

P. 

Packing barometers - - - - 

Parhelia, or Paraselcna?, entry of - 
Paris lines, conversion of to English inches - 
Peltier’s electrometer - - - - 

Phillips maximum thermometer 
Photographic barometers - - - 

Pipette in barometer - - - - 

Poey’s cloud-nomenclature 
Portable electrometer (Thomson’s) 

Position of barometers . - - 

Precipitation, measurement of - - 

Pressure anemometers ... 

Psychrometer, August’s • , . 

„ theory of the --- 
Pumping ” of barometers - - - 

Q. 

Quadrant electrometer ------ 61 

Quetelet’s corrections for diurnal-range of thermometers - - 74 



71 

107 

s 

75-7J> 

:\\ 

55 

53 

64 
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Radiation, solar 

B. 





* 

Rage 

43 

„ terrestrial - 

. 




. 

45 

Rain, entry of - - 

. 




- 

71,77 

„ measurement of 

. 




. 

51 

Rainbows, entiy of - 





. 

72 

Rain gauge, collector of 

- 





61 

„ form and exposure of 

- 

- 




60 

Reaumur’s thermometer scale 


. 



- 

;i4 

„ „ conversion to Fahrenheit 


. 

103 

Regnault’s hygrometer 

- 

- 

• 


- 

45 

Remarks to observers 

- 

- 

- 


- 

76-70 

Robinson’s anemometer 

- 


- 



66 

Rutherford’s minimum thermometer 

- 

- 

- 


- 

38 


s. 


Scale, contraction of, in Kew barometers 


. 

. 

20 

Sea level, mean - . - 

- 

- 

. 

31 

Self-recording barometers 

- 

- 

- 

26 

Silver-thaw, entry of - 

- 

- 

- 

71 

Sleet, entry of - - . 

- 

- 

- 

71 

Sling thermometer - - . 

- 


• 

43 

Sluggishness of wheel barometers, &c. 

- 

• 

. 

26 

Snow, entry of - - - 

- 

- 

- 

71 

„ measurement of 

- 


• 

51 

Soft hail, entry of - 

- 

. 


71 

Solar radiation - - - 

. 

. 


43 

Spirit thermometers - - - 

- 

- 

. 

36, 38, 39 

Standard barometers - - - 

- 


• 

. 18,23 

„ thermometers 

. 

. 

. 

35 

Station, requirements for a good 

- 

- 

- 

8 

Stations, different classes of - 

- 

. 


7 

Stevenson’s thermometer screen 

. 

- 

- 

41 

Stratus cloud, form of - - 

- 

. 

. 

66 

Suspension of barometers 

- 

. 

. 

- 17,21 

Symbols for notation of weather, &c. - 

- 

- 


- 69-73 

Siphon barometers - - - 

- 

- 

- 

23 

„ „ mountain - 

- 

- 

. 

23 

„ „ standard • 

. 

. 

. 

23 

„ „ wheel 

- 

- 

- 

25 


T. 


Tables, explanation of 

. 

- 


- 80,81 

Temperature, correction of barometer for 


. 


• 30, 82 

Terrestrial radiation - - - 




45 

Testing barometers . . - 

. 



27 

,, thermometers 

. 



36 

Thermographs ... 

- 

- 


40 

„ difficulties in exposure of 

- 

- 


42 

Thermometer, attached 

- 

- 


15 

„ exposure 

- 

. 


40 

„ principle of the 

- 

- 


34 

„ scales - - - 

. 

. 


34 

„ Tables for conversion of 

- 



96,99, 104 

>, screens 

. 

. 


41 

„ directions for reading, &c. 

. 



77 

Fahrenheit 

- 

- 


34 



118 


; maximum 
minimum 


„ ' ordinary 
„ radiation 

„ standard 

„ verification of - 

Thermom^tnefronde - 
Thomson’s, Sir W,, electrometer 
Thunder, entry of - 
Thunderstorm, entry of 
IVue bearings of wind-direction 


38 

36 

43 

35 

36 
43 

60.61 

71 

71 

69 


U. V. 


Upper clouds, forms of ----- - 

Vaporiraeter. See “ Atmometer ” - 

Velocity anemometers ------ 

„ of wind compared with force - - - - 

Verification of barometers ------ 

,, thermometers ------ 

Vernier, princii>le of ------ 

„ setting the ------ 

Vienna Congress, recommendation respecting anemometers - 

ozone 
clouds 

weather, &c. - 
hours of observation - 
calculation of mean 
temperature 


Volta’s electrometer - 


65,66 

63 
66 

67,68 

27 

36 

13 

13 

66 

64 
68 

69-73 

74 

74 

60 


w. 


Wall screens for thermometers 
Weather glasses - - - 

Weather, observations of, symbols, &c. 
Wet and dry bulb hygrometer 
Wet bulb readings higher than dry bulb 
Wheel barometers - - - 

„ „ sluggishness of 

Wild’s pressure gauge 
Wind, registration of * - 

„ remarks oh observing, &c. 
Wind-force compared with velocity - 
„ estimation of - 

Wind gauges, description of - 


41 

24 

69-73, 77 
47,49 
49 

25 

26 
66 

56-69, 71 
76 
68 
67,71 
65, 66 


Z. 

Zero, displacement of, in thermometers 
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